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5.  Turn  to  this  planning  area  number  in  the  ENGINEERING  AND  DESIGN 
DATA  Sheets  and  locate  the  Main  or  Lateral  desired  on  this  sheet. 


Each  time  a  lateral  enters  the  main  canal,  the  Main  is  broken  into  a 
section  at  this  point.  Laterals  also  are  broken  into  sections  at 
points  where  other  laterals  enter  them.  This  was  necessary  to  design 
each  section  to  carry  the  flow  increase.  Also,  it  was  necessary  to 
break  mains  and  laterals  into  sections  at  state  and  county  road 
crossings  in  order  to  design  the  proper  size  culverts  and  bridges  at 
these  points. 

It  must  be  kept  in  mind  that  the  information  given  in  the  "ENGINEERING 
AND  DESIGN  DATA"  Sheets  begins  at  the  upper  end  of  each  watershed  and 
proceeds,  section  by  section,  to  the  outlet. 


EXAMPLE :  To  find  information  for  the  ditch  crossing  S.  C.  Highway 
51  approximately  1  mile  northwest  of  Hyman  refer  to  figure  3. 

"Index  to  Atlas  Sheets 'i  The  index  indicates  that  the  point  where  this 
ditch  crosses  highway  51  can  be  found  on  Sheet  8  at  the  back  of  the 
report. 

Sheet  8  designates  this  ditch  as  main  number  3  (M3)  in  Planning  Area  7 
and  shows  it  was  designed  in  four  Segments  A,  B,  C,  and  D. 

A  general  description  of  Planning  Area  7  is  found  on  page  15  of  the 
report  and  the  detailed  Engineering  and  Design  Data  Table  is  on  Page 
91. 


Beginning  at  the  upstream  end  of  the  ditch,  M3  A,  in  the  table  for 
Area  7  on  page  91  and  proceeding  downward  toward  its  outlet  end,  it 
is  found  that  it  crosses  highway  51  at  the  end  of  Segment  M3B .  Total 
length  of  the  ditch  is  estimated  to  be  6900T.  The  various  criteria  for 
engineering  and  design  estimates  may  be  obtained  from  the  table  for 
each  segment. 


FOREWORD 


About  1730  the  interior  of  the  South  Carolina  colony  was  divided  into  a 
number  of  townships.  This  was  a  plan  designed  by  the  colony's  Governor 
Robert  Johnson  to  attract  Protestant  settlers  to  this  area,  partly  to 
serve  as  a  buffer  to  Indian  attacks.  (The  Pee  Dee  and  Catawba  Indian 
tribes  inhabited  the  area  and  regions  along  the  Pee  Dee  River.)  Pioneers 
were  offered  free  land  and  various  other  inducements  to  settle  in  these 
townships.  The  idea  proved  successful  and  brought  the  first  permanent 
white  settlements  into  what  presently  is  the  Florence  Area. 

Queensborough  Township,  including  what  is  now  the  lower  portion  of 
Florence  County  was  laid  out  in  1733.  It  initially  was  successful  in 
attracting  small  farmers,  as  the  land  was  suited  to  large  plantations. 

Among  these  were  a  group  of  Pennsylvania  Welsh  farmers  who  asked  for  a 
land  grant  and  in  1736  formed  a  community  at  Long  Bluff  (present  day 
Society  Hill) .  Their  main  crops  were  hemp  and  flax.  These  Welsh  Baptists 
established  churches  around  the  area  along  with  Methodists,  Presbyterians, 
and  Protestant  Episcopalians. 

The  communities  increased  and  after  the  Revolution,  during  which  Francis 
Marion's  raids  were  well  known,  the  agricultural  industry  grew  and  cotton 
and  corn  remained  the  staple  crops  throughout  much  of  the  19th  century. 

The  agricultural  interior  of  South  Carolina  was  linked  with  the  seaport 
of  Wilmington  by  the  Wilmington-Manchester  Railroad  in  1849.  The  way 
station  was  named  "Florence"  in  1854  in  honor  of  Florence  Harllee,  daughter 
of  the  president  of  the  railroad.  It  was  not  until  1888  however  that 
Florence  County  was  established  after  agitation  by  citizens  to  form  a  new 
county.  The  new  county  was  formed  from  portions  of  Clarendon,  Darlington, 
Marion  and  Williamsburg  counties  with  Florence  becoming  the  county  seat 
in  1889.  — ' 

Since  the  first  settlement  was  made  near  the  Queensborough  Township  in 
1736,  the  existing  problem  of  imperfect  internal  and  surface  drainage  has 
affected  the  growth  and  development  of  this  area  in  South  Carolina. 

The  higher  areas  of  land  were  used  by  the  first  settlers  for  homesteads 
and  for  small  fields  to  produce  food  crops.  Low,  wet  lands  were  left  in 
their  natural  state.  As  settlements  grew  and  more  land  was  needed  for 
farming  operations,  it  was  necessary  to  install  some  type  of  drainage 
system  on  individual  farms.  These  drainage  systems  were  usually  excavated 
by  hand,  many  with  slave  labor.  As  a  result,  these  small  ditches  were 
inadequate  and  only  partially  met  the  drainage  needs.  The  lack  of 
knowledge  of  drainage  systems  and  the  availability  of  only  hand  tools 
retarded  the  design  and  installation  of  complete  systems. 


With  the  increase  in  land  use  and  particularly  with  the  advent  of  modern 
construction  machinery  such  as  the  bulldozer,  dragline  and  backhoe ,  it 
became  relatively  easy  to  excavate  larger  canals  and  outlet  ditches  needed 
for  adequate  drainage.  Even  with  the  new  machines,  much  of  the  drainage 
work  installed  has  been  the  result  of  expediency  incident  to  population 
growth  and  did  not  follow  a  well  developed  plan  of  action.  Improving  the 
quantity  and  quality  of  agricultural  crops  and  providing  well  drained 
areas  for  home  sites  are  essential  to  perpetuate  economic  growth  of  a 
community;  providing  additional  drainage  is  necessary  as  a  first  step 
toward  enhancing  the  environment  and  increasing  income  for  its  people. 

The  Water  Runoff  Study  for  Main  Drainageways  and  Outlets  in  Florence 
County  is  the  direct  result  of  foresight  and  interest  of  the  county 
authorities  and  the  Florence  Soil  and  Water  Conservation  District 
Commissioners  who  saw  the  need  for  a  plan  to  enhance  the  potential 
development  of  the  county.  Agencies  at  all  levels  of  government  - 
city,  county,  state,  and  federal  -  as  well  as  private  enterprise  and 
numerous  individuals,  cooperated  in  the  development  of  the  plan.  The 
Florence  County  Council  appropriated  funds  for  the  local  share  of 
the  cost  of  the  study  including  the  publication  of  this  report. 

Technical  assistance  was  furnished  by  the  Soil  Conservation  Service. 

The  plan  and  information  contained  in  this  report  will  be  of  interest 
to  organizations  concerned  with  land  use  in  the  county.  The  cooperation 
of  other  agencies,  groups  and  individuals  in  the  use  of  this  report  is 
encouraged . 


1/  Excerpt  from  a  "History  of  Florence 


1700-1973"  by  Douglas  J 


Ernest . 
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WATER  RUNOFF  STUDY 
FOR  MAIN  DRAINAGEWAY S  AND  OUTLETS 
FLORENCE  COUNTY,  SOUTH  CAROLINA 


INTRODUCTION  AND  SCOPE 

One  of  the  most  significant  needs 
for  efficient  use  and  development 
of  the  land  resources  in  Florence 
County  is  the  provision  for  the 
management  of  excess  rainfall  runoff. 
The  lack  of  adequate  drainageways  is 
extremely  detrimental  to  existing 
and  future  land  use  management. 
Flooding  results  in  frequent  and 
costly  damage  to  natural  wildlife 
habitats,  agricultural  crops,  and 
public  and  private  property.  Flood¬ 
ing  also  disrupts  facilities  in 
urban  and  industrial  areas.  In  re¬ 
cent  years  the  need  for  drainage  has 
affected  and  virtually  prevented 
housing  development  progress  in  many 
areas  where  septic  tank  drain  fields 
were  to  be  installed. 

The  need  to  reduce  flooding  through 
improvement  of  drainageways  and 
outlets  is  a  problem  that  demands 
priority  attention. 

The  development  of  a  water  disposal 
plan  for  an  entire  county  should 
logically  begin  with  a  study  of  the 
need  for  main  drainageways  and  out¬ 
lets  to  remove  excess  water. 


The  purpose  of  this  study  is  to  point 
out  the  extent  and  severity  of  the 
excess  water  problems  and  to  estimate 
the  sizes  and  quantities  of  water 
disposal  systems  to  convey  excess 
water  properly  to  adequate  outlets . 

The  engineering  and  design  data  in 
this  report  are  based  on  reconnais¬ 
sance  surveys,  information  presently 
available,  and  knowledge  gained  by 
long  experience  in  planning  and 
establishing  drainage  facilities  in 
the  county.  These  data  are  adequate 
for  the  purpose  of  determining 
preliminary  designs  and  preliminary 
cost  estimates  based  on  present  land 
use ,  but  are  not  adequate ,  however , 
for  the  preparation  of  final  construc¬ 
tion  plans,  designs  and  costs.  The 
data  in  this  report  can  be  used  by 
engineers  as  guides  to  determine 
types  of  additional  surveys  and  in¬ 
vestigations  needed  to  secure  detail¬ 
ed  information  for  final  design. 

A  discussion  of  some  of  the  principal 
criteria  used  in  sizing  channels  is 
included,  as  well  as  technical 
references  which  can  supply  infor¬ 
mation  for  final  design. 


Panoramic  view  of  flooded  farm  land  and  paved  road  as  a  result  of  heavy  rainfall  and  a  need  for  additional 
excess  water  removal  facilities. 
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FACTORS  AFFECTING  WATER  DISPOSAL 

The  location  of  Florence  County,  in 
the  Atlantic  Coastal  Plain,  along 
with  the  county's  physical  features 
result  in  complex  water  runoff 
problems.  Physical  features  that 
contribute  to  these  problems  are 
topography,  rivers  and  streams,  rain¬ 
fall,  soils,  and  land  use  and  owner¬ 
ship,  all  of  which  are  inter-related. 
A  brief  discussion  of  how  these 
features  affect  the  water  disposal, 
and  a  description  of  the  existing 
drainage  system  follows. 

Topography 

Topography  is  a  severely  limiting 
factor  affecting  excess  water  dis¬ 
posal.  The  land  is  generally  level 
with  slight  undulations  in  some 
sections  of  the  county,  however,  the 
removal  of  excess  water  is  restricted 
in  most  sections  due  to  inadequate 
drainageways.  The  natural  drains, 
other  than  the  rivers,  are  broad, 
have  flat  grades  and  are  heavily 
vegetated.  In  their  present  state, 
little  or  no  channel  exists,  causing 
extreme  flooding  in  depressed  areas 
although  potential  outlets  are 
available . 


“Flopped”  tobacco  -  a  high  value  crop  loss 
caused  by  lack  of  proper  drainage  in  an 
agricultural  area. 


Rivers  and  Streams 

Florence  County  is  covered  with  a 
network  of  rivers  and  streams  and 
swamp  runs  that  have  a  significant 
effect  on  the  drainage  pattern.  The 
Great  Pee  Dee  River  forms  the  entire 
eastern  boundary  of  the  county  with 
a  number  of  small  tributaries  flowing 
to  it.  Jefferies  Creek,  just  south 
of  the  city  of  Florence,  cuts  through 
the  county  from  West  to  East  and 
empties  into  the  Great  Pee  Dee  River. 
Lynches  River,  forming  a  portion  of 
the  county's  western  boundary,  curves 
up  northeasterly  into  the  center  of 
the  county  and  then  southeasterly 
slicing  the  county  in  half.  It  joins 
the  Great  Pee  Dee  River  in  the  ex¬ 
treme  southeastern  corner  near 
Johnsonville . 

In  addition  to  these  main  rivers, 
several  big  swamps  affect  large  areas 
of  land.  These  include  Black  Creek, 
Middle  Swamp,  Lake  Swamp,  Sparrow 
Swamp,  Lynches  Lake,  Camp  Branch, 
Willow  Creek,  and  Big  Swamp. 

All  of  these  rivers  and  swamps  affect 
the  county's  drainage.  The  main 
rivers  are  well  defined;  their  water 
levels  are  generally  at  lower  ele¬ 
vations  and  provide  an  outlet  for 
higher  ground  drainage.  However, 
these  rivers  and  other  large  creeks 
are  constantly  a  threat  to  adjacent 
low-lying  areas.  After  heavy  rain¬ 
fall  periods  flood  water  overflow 
inundates  these  areas  and  blocks  tri¬ 
butary  outlets.  A  sizeable  area  of 
the  county  is  affected  in  this  manner. 

This  report  does  not  include  any 
study  of  the  main  streams.  It  does 
include  a  study  of  the  tributaries  to 
relieve  adjacent  lands  of  flooding  as 
quickly  as  possible  after  heavy  rains 
when  river  floods  recede. 
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Flooded  cropland  caused  by  inadequate  outlet 
for  this  field  ditch. 


Rainfall 

U.  S.  Weather  Bureau  records,  Table 
No.  1,  show  monthly  and  annual  totals 
of  rainfall  for  Florence  and  vicini¬ 
ty.  The  average  annual  rainfall  of 
45  inches  would  not  cause  a  serious 
drainage  problem  if  it  were  evenly 
distributed.  The  most  serious 
drainage  problems  occur  in  low  flat 
areas  which  are  flooded  by  high 
intensity,  short  duration  rain 
storms . 

The  design  of  water  disposal  systems 
and  supporting  structures  are  related 
to  the  amount  of  runoff  that  can  be 
expected  from  storms  of  differing 
intensities  and  durations.  (See 
Tables  Nos.  2  &  3) 

Soils 

According  to  the  Soil  Survey  for 
Florence  County,  more  than  70  percent 
of  the  soils  have  excess  water  pro¬ 
blems.  This  fact  points  out  the 
need  for  management  of  excess  water 
in  the  county.  It  would  not  be 
desirable  or  practical  to  provide 
drainage  for  all  of  the  wet  soils  in 
the  county;  the  degree  of  drainage 
needed  is  dependent  on  the  type  of 
soil  and  the  land  use. 


Soils  have  characteristics  which 
influence  the  need  for  and  the  degree 
of  drainage.  Some  of  the  more  im¬ 
portant  characteristics  are  slope, 
texture,  infiltration,  permeability, 
structure,  depth,  waterholding  capa¬ 
city  and  depth  to  water  table.  Fine 
(clayey)  textured  soils  have  slow 
internal  water  movement  and  will  not 
readily  respond  to  deep  ditches. 
Shallow  ditches  to  remove  surface 
water  provide  the  best  practical 
means  for  improvement  of  these  soils 
for  most  uses.  Sandy  soils,  having 
high  or  fluctuating  water  tables,  re¬ 
spond  to  subsurface  drainage  but 
present  some  problems  in  the  design 
of  stable  open  ditches. 

A  knowledge  of  the  characteristics 
and  the  engineering  properties  of  the 
soils  is  essential  in  planning,  de¬ 
signing  and  constructing  adequate 
runoff  water  management  systems. 

Land  Use  and  Ownership 

Changes  in  land  use  in  recent  years 
have  had  an  adverse  effect  on  water 
disposal  in  the  county.  One  of  the 
most  significant  of  these  is  urbani¬ 
zation.  Areas  being  developed  for 
housing,  shopping  centers  and  in¬ 
dustry  in  most  instances  have  inade¬ 
quate  excess  water  disposal  systems 
facilities.  Most  of  the  systems  now 
in  use  were  established  to  handle  the 
agricultural  needs  of  the  areas.  They 
are  not  adequate  to  handle  the  in¬ 
creased  runoff  resulting  from  urbani¬ 
zation.  Roof  tops,  paved  roads,  com¬ 
paction,  raised  water  tables  result¬ 
ing  from  septic  tanks  and  drain  field 
installations,  and  elimination  of 
some  ditches  during  development,  have 
all  caused  an  increase  in  the  amount 
of  excess  water  to  be  disposed  of. 
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TABLE  NO.  1 

TOTAL  INCHES  OF  PRECIPITATION 
FLORENCE,  SOUTH  CAROLINA 


Year 

Jan . 

Feb. 

Mar. 

Apr . 

May 

June 

July 

Aug. 

Sept. 

Oct . 

Nov. 

Dec. 

Ann '  1 

1941 

2.33 

2.16 

5.83 

3.22 

.35 

8.57 

8.63 

6.91 

1.19 

1.50 

.67 

6.80 

16" 

1942 

2.56 

2.55 

5.25 

2.57 

3.89 

3.11 

9.25 

5.57 

1.59 

.53 

.79 

3.34 

41.00 

1943 

3.40 

1.21 

5.26 

2.29 

1.57 

3.17 

5.43 

1.12 

1.90 

T 

2.91 

4.30 

32.56 

1944 

2.97 

3.92 

4.89 

2.92 

3.36 

3.68 

13.36 

2.71 

2.87 

3.74 

1.57 

.94 

46.93 

1945 

1.76 

2.55 

4.15 

3.17 

3.31 

4.23 

5.75 

6.39 

13.43 

1.40 

.98 

7.86 

54.98 

1946 

1.63 

2.43 

2.30 

3.88 

3.17 

3.14 

5.73 

4.80 

1.05 

3.37 

1.95 

.53 

33.98 

1947 

2.40 

.19 

4.29 

7.78 

1.99 

2.88 

10.14 

7.65 

3.47 

1.90 

7.16 

4.03 

53.88 

1948 

3.69 

5.09 

6.19 

2.86 

5.39 

6.68 

1.34 

4.08 

4.15 

3.70 

8.16 

4.28 

55.61 

1949 

.87 

4.56 

1.33 

7.84 

3.62 

3.91 

3.89 

9.24 

3.54 

2.27 

2.29 

1.58 

44.94 

1950 

2.48 

.97 

3.98 

3.81 

2.89 

3.41 

8.39 

4.00 

2.42 

3.16 

.89 

3.79 

40.19 

1951 

.94 

.82 

4.20 

3.40 

.56 

7.32 

10.79 

4.28 

3.81 

.55 

2.49 

3.02 

42.18 

1952 

2.21 

4.30 

5.47 

2.58 

1.96 

5.74 

1.21 

10.89 

4.86 

1.22 

2.43 

2.46 

45.33 

1953 

2.75 

4.44 

3.60 

2.37 

1.31 

4.11 

3.72 

4.84 

5.07 

.00 

1.37 

6.51 

40.09 

1954 

2.39 

1.31 

3.31 

1.75 

4.35 

.24 

2.09 

1.25 

.87 

7.29 

.81 

1.84 

21  .SO 

1955 

4.05 

1.66 

1.22 

5.13 

3.23 

2.47 

4.84 

3.15 

6.63 

1.30 

1.87 

.36 

35.91 

1956 

1.69 

5.83 

2.31 

2.92 

2.30 

4.90 

3.10 

4.22 

4.39 

2.21 

1.40 

2.52 

37.79 

1957 

1.83 

2.26 

5.48 

.53 

4.19 

4.93 

2.55 

5.68 

9.03 

.80 

4.19 

2.29 

43.76 

1958 

4.49 

3.78 

4.29 

5.97 

1.87 

7.97 

4.45 

2.81 

.67 

3.16 

.44 

2.28 

42.18 

1959 

2.85 

5.36 

4.91 

7.60 

3.90 

3.55 

13.68 

3.93 

7.20 

6.83 

1.11 

3.79 

64.71 

1960 

4.46 

5.62 

3.39 

1.76 

1.49 

6.09 

11.14 

1.46 

4.65 

3.69 

1.80 

2.10 

47.65 

1961 

1.24 

3.55 

4.23 

5.59 

5.35 

9.29 

4.86 

4.75 

2.13 

.34 

1.57 

1.43 

44.33 

1962 

3.68 

4.14 

4.53 

3.09 

.81 

4.57 

3.71 

2.22 

3.55 

.28 

3.37 

1.81 

35.76 

1963 

5.05 

2.27 

1.77 

2.20 

3.14 

2.86 

3.83 

1.52 

4.13 

.43 

3.78 

2.44 

33.42 

1964 

5.77 

5.21 

3.67 

3.38 

1.97 

4.10 

10.06 

5.49 

8.10 

8.16 

.48 

2.58 

58.97 

1965 

.80 

5.69 

6.33 

2.79 

1.89 

8.86 

6.21 

8.53 

3.66 

1.65 

1.68 

.54 

48.63 

1966 

6.99 

3.49 

2.72 

3.03 

8.18 

3.70 

6.26 

4.99 

2.50 

.33 

1.00 

3.34 

46.53 

1967 

2.64 

2.40 

2.35 

1.25 

5.49 

1.56 

4.40 

6.72 

2.71 

1.12 

2.93 

2.59 

36.16 

1968 

3.45 

.84 

1.66 

3.02 

1.34 

5.97 

9.94 

1.97 

.57 

6.61 

4.56 

3.03 

42.96 

1969 

1.52 

4.37 

3.94 

3.50 

3.57 

3.35 

4.85 

5.70 

4.14 

.83 

2.24 

2.97 

40.98 

1970 

2.47 

2.96 

6.83 

.65 

1.71 

1.73 

3.25 

4.55 

5.29 

3.03 

.68 

3.07 

36.22 

1971 

4.35 

2.88 

10.96 

3.28 

3.12 

4.20 

7.65 

5.85 

1.07 

7.98 

1.49 

1.42 

54.25 

1972 

5.22 

3.11 

2.64 

.60 

7.12 

6.19 

4.42 

4.99 

2.29 

1.01 

4.29 

3.25 

45.13 

1973 

3.95 

4.91 

3.58 

3.41 

2.21 

7.78 

8.35 

8.73 

2.76 

.72 

.46 

6.52 

53.38 

1974 

5.04 

4.11 

3.39 

2.87 

5.63 

3.21 

4.31 

11.46 

5.46 

.18 

3.51 

4.94 

54.11 

1975 

5.70 

5.17 

3.77 

4.62 

4.32 

1.47 

7.59 

3.77 

5.62 

2.19 

1.37 

5.80 

51.39 

1976 

3.26 

1.08 

4.12 

.59 

5.03 

8.17 

5.56 

1.50 

.92 

3.79 

2.83 

5.27 

42.12 

Aver- 

age 

3.14 

3.26 

4.11 

3.28 

3.21 

4.64 

6.24 

4.94 

3.82 

2.42 

2.26 

3.21 

44.55 

Rain¬ 

fall 


From  Rainfall  Data,  U.S.  Weather  Bureau  -  Florence,  S.C.  FAA 
Airport  Station. 
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TABLE  NO.  2 

PRECIPITATION  EXTREMES  (1941-1976) 


Maximum 

Monthly 

Year 

Minimum 

Monthly 

Year 

January 

6.99 

1966 

0.80 

1965 

February 

5.83 

1956 

0.19 

1947 

March 

10.96 

1971 

1.22 

1955 

April 

7.84 

1949 

0.53 

1957 

May 

8.18 

1966 

0.35 

1941 

June 

9.29 

1961 

0.24 

1954 

July 

13.68 

1959 

1.21 

1952 

August 

11.46 

1974 

1.12 

1943 

September 

13.43 

1945 

0.57 

1968 

October 

8.16 

1964 

0.00 

1953 

November 

8.16 

1948 

0.44 

1958 

December 

7.86 

1945 

0.36 

1955 

Rainfall  Data,  U.S.  Weather  Bureau 
FAA  Airport  Station 

i  -  Florence,  S.C 

RAINFALL  IN 

FLORENCE 

TABLE  NO.  3 

INCHES  FOR  SELECTED  DURATIONS 
COUNTY,  SOUTH  CAROLINA 

30  Min.  1  Hour 

2  Hour  3 

Hour 

6  Hour  12 

Hour 

24  Hour 

1  Year  1. 

3  1.7 

1.9 

2.1 

2.4 

2.9 

3.3 

2  Years  1. 

5  1.9 

2.3 

2.5 

2.9 

3.4 

4.0 

5  Years  1. 

9  2.4 

2.9 

3.2 

3.8 

4.4 

5.2 

10  Years  2. 

2  2.8 

3.4 

3.7 

4.4 

5.2 

6.0 

25  Years  2. 

5  3.2 

3.8 

4.2 

5.0 

6.0 

6.8 

50  Years  2. 

8  3.5 

4.3 

4.7 

5.6 

6.7 

7.8 

100  Years  3. 

1  3.7 

4.8 

5.2 

6.3 

7.5 

8.8 

From  U.S.  Weather  Bureau,  Technical  Paper  No.  40, 
"Rainfall  Frequency  Atlas  of  the  United  States." 
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Damage  to  homes  and  septic  tank  field  drains 
results  from  heavy  rains  and  poor  water  dis¬ 
posal  systems. 


Drainage  culverts  under  driveways 
and  roads  in  new  as  well  as  estab¬ 
lished  subdivisions,  are  critical 
factors  contributing  to  poor  local 
drainage.  Head  losses  alone,  result¬ 
ing  from  widespread  use  of  under¬ 
designed  culverts  create  local 
flooding  conditions. 

As  urbanization  continues,  the 
present  water  disposal  systems  will 
become  increasingly  inadequate  to 
handle  the  increased  runoff,  and 
additional  flooding  will  occur. 

After  urbanization  has  taken  place, 
it  is  extremely  expensive  and  some¬ 
times  impossible  to  provide  adequate 
water  disposal.  Regulations  may  be 
needed  to  insure  that  adequate  water 
disposal  plans  are  included  in  these 
areas  during  development. 

Land  ownership  often  is  a  factor  in 
the  installation  of  drainage  im¬ 
provements.  Frequently  it  is 
necessary  for  one  owner  to  go  on 
another's  property,  or  go  through 
it,  to  obtain  an  outlet.  In  larger 
group  projects  it  is  necessary  to 
cross  a  number  of  land  owners  to 
reach  adequate  outlets.  In  either 
case,  it  is  imperative  that  right- 
of-way  easements  be  obtained  before 
work  can  be  begun. 


Excessive  rainfall  runoff  backed  up  in  the 
drainageway  outlet  inundated  and  prevented 
use  of  an  industrial  parking  lot  near  Coward , 

South  Carolina. 

Wildlife 

Proper  drainage  also  plays  an 
important  part  in  another  land  use  - 
upland  wildlife  management.  Popu¬ 
lations  of  game  species  such  as  deer, 
quail,  turkey,  and  rabbits  are  enhanc¬ 
ed  in  a  safer  and  healthier  wildlife 
environment  provided  in  well  drained 
areas.  Unseasonably  heavy  rains  can 
cause  mass  drowning  of  young  animals 
and  nestlings.  Biting  insect  pests 
are  reduced  as  a  result  of  diminished 
breeding  places  in  these  areas  where 
excess  water  is  removed.  Improvement 
of  the  habitat  through  proper  water 
disposal  allows  greater  natural  food 
production.  Seeded  spoil  banks  not 
only  control  erosion  but  also  provide 
food  and  cover,  and  travelways  for 
wildlife . 

Care  should  be  taken ,  however ,  to 
protect  certain  wetland  areas. 

Drainage  of  high  value  wetland  sites 
is  detrimental  to  wetland  wildlife. 
Game  species,  such  as  wild  ducks, 
geese,  snipe,  and  some  furbearers, 
depend  heavily  upon  the  water  covered 
and  water  saturated  areas  for  food 
and  cover.  Destruction  of  these 
areas  through  drainage  could  drasti¬ 
cally  reduce  wetland  wildlife  species. 

The  discharge  of  dredged  or  fill 
material  in  inland  waters  and  wet¬ 
lands  is  regulated  by  the  Federal 
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Water  Pollution  Control  Act  Amend¬ 
ments  of  1972.  Prior  to  placing  fill 
material  in  wetlands,  application 
for  a  Section  404  permit  should  be 
made  to  the  nearest  district  office 
of  the  U.  S.  Army  Corps  of  Engineers 
who  are  assigned  the  responsibility 
for  carrying  out  Section  404  of  the 
regulations . 

The  South  Carolina  Wildlife  and 
Marine  Resources  Department  can 
provide  information,  evaluation,  and 
assistance  in  planning  water  manage¬ 
ment  practices  in  wetland  areas. 

Existing  Drainage  System 

Existing  canals  are  usually  located 
in  natural  water  courses.  However, 
in  many  instances,  alignment  is  poor 
due  to  the  fact  that  canals  were 
located  on  existing  property  lines, 
cleared  land  borders,  meandering 
branch  runs  or  other  physical  feat¬ 
ures  that  were  inconsistent  with 
efficient  channel  flow  conditions. 

With  the  exception  of  some  recently 
excavated  canals,  many  drainage 
systems  in  rural  and  urban  areas 
generally  lack  depth  and  capacity, 
have  very  flat  grades  and  inadequate 
outlets.  One  exception  to  these 
conditions  is  the  Lynches  Lake  - 
Camp  Branch  Watershed  project  locat¬ 
ed  in  the  southwestern  quadrant  of 
the  county  between  Olanta  and 
Scranton.  This  project,  completed 
in  1968,  improved  the  natural  water¬ 
way,  and  benefited  hundreds  of  acres 
of  land  in  this  area.  While  the 
capacity  of  this  improved  waterway  is 
still  generally  good,  there  is  a  need 
for  some  maintenance,  especially 
vegetative  removal,  to  restore  full 
flow.  A  number  of  other  smaller 
drainage  projects  completed  in  recent 
years,  as  well  as  numerous  natural 
waterways,  that  serve  as  outlets  also 
need  the  same  type  of  maintenance  to 
restore  full  flow. 


Old  ditches  can  be  brought  back  to  full  capacity 
and  service  by  simple  maintenance  or  enlarging. 


Maintenance 

Lack  of  adequate  maintenance  is  a 
factor  affecting  the  capacity  of 
drainage  canals  and  ditches.  Most  of 
the  existing  drainage  canals  in  the 
county  were  dug  by  hand  many  years 
ago;  some  were  dug  or  enlarged  by  the 
Works  Progress  Administration  (WPA) in 
the  1930's;  clumsy  floating  dredges 
were  used  on  some  of  the  larger  ones. 
These  methods  left  nearly  vertical 
side  slopes  with  excavated  material 
placed  immediately  next  to  the  ditch. 
Access  to  practically  all  canals  is 
restricted  by  high  spoil  banks  which 
are  covered  by  a  heavy  growth  of  trees 
and  brush.  Being  continuous  for  long 
distances,  these  spoil  banks  prevent 
surface  drainage  resulting  in  ponding 
behind  the  banks.  The  extent  of 
economic  and  practical  maintenance  by 
machine  is  limited  largely  due  to 
these  spoil  placement  practices. 

EXCESS  WATER  DISPOSAL  PRINCIPLES 

This  report  presents  a  plan  for  the 
location  and  needed  capacities  of 
main  drainageways  based  on  present 
land  use.  This  is,  however,  only  a 
preliminary  step  in  the  establishment 
of  a  complete  water  disposal  system. 
Further  steps  in  designing  the  system 
will  include  the  exact  size,  depth. 


and  grade  of  each  drainageway  de¬ 
termined  only  by  a  more  detailed 
investigation  and  survey  by  qualified 
individuals.  In  some  locations, 
detailed  investigations  might  prove 
that  existing  drainageways  are 
adequate . 

Drainage  systems  are  divided  into 
two  broad  categories  -  surface 
drainage  and  subsurface  drainage. 

Surface  Drainage 

Surface  drainage  systems  provide  for 
removal  of  excess  water  from  the 
land  surface  to  an  outlet.  Surface 
water  can  best  be  moved  by  shallow 
graded  channels  or  by  forming  the 
land  surface  to  a  uniform  slope. 
Surface  drainage  facilities  are 
particularly  applicable  to  soils 
having  slow  permeability  rates. 
Surface  drainage  on  these  soils  is 
used  to  prevent  ponding  in  shallow 
depression  areas  and  also  to  divert 
water  from  protected  areas  to  natural 
or  excavated  channels. 

Subsurface  Drainage 

Subsurface  drainage  removes  water 
from  beneath  the  surface  of  the  soil 
by  facilities  which  create  a. diff¬ 
erence  in  hydraulic  head.  The  re¬ 
sulting  hydraulic  head  causes  water 
to  move  through  the  soil  to  an 
outlet  at  a  lower  elevation.  This 
may  be  accomplished  by  open  ditch 
drains  or  by  closed  drains  of  tile 
or  perforated  tubing.  Often  a  com¬ 
bination  of  open  and  closed  drains 
is  used  for  subsurface  drainage. 

Open  ditch  drains  sometimes  have  an 
added  advantage  in  that  they  can 
remove  both  surface  and  subsurface 
water  .  Properly  installed  closed 
drains  require  very  little  main¬ 
tenance.  They  can  also  be  designed 
to  remove  surface  water  by  providing 
protected  drop  inlets  or  catch 
basins  that  simulate  small  storm 
sewer  systems . 


A  ditch  with  good  design  section  and  managed 
spoil  can  serve  as  Surface  and  Subsurface  Water 
disposal  outlet  for  several  landowners. 


The  purpose  of  subsurface  drainage  is 
to  lower  the  water  table  to  a  point 
where  it  will  not  interfere  with 
plant  growth  or  the  use  of  the  land 
for  residential  or  other  purposes. 

The  minimum  depth  below  the  surface 
at  which  water  tables  should  be  main¬ 
tained  depends  on  the  purpose  for 
which  the  land  is  to  be  used.  Water 
tables,  fluctuating  from  a  lower 
level  upward  to  or  near  the  surface, 
may  not  be  as  great  a  problem  for 
some  agricultural  uses  as  they  would 
be  in  populated  areas  where  construc¬ 
tion  of  buildings,  septic  tanks, 
lawns  and  gardens,  or  streets  would 
be  damaged . 

Water  Runoff  Systems 

The  components  of  an  excess  water 
disposal  system  are  as  follows: 

The  Collection  Segment  is  that  part 
of  the  drainage  system  which  first 
picks  up  water  from  the  land.  It 
may  consist  of  shallow  trapezoidal 
ditches  having  flat  side  slopes,  V 
or  W  type  ditches,  bedded  areas,  or 
graded  land  surfaces. 

The  Disposal  Segment  receives  water 
from  the  collection  segment  and 
conveys  it,  usually  in  an  open 
channel  or  floodway  to  an  outlet. 
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Generally  this  report  concerns  it¬ 
self  with  the  disposal  segment  of 
the  drainage  system. 

The  Outlet  is  the  end  point  of  any 
section  of  a  drainage  system  beyond 
which  the  conveyance  system  no 
longer  guides  or  controls  the  water 
it  discharges. 

Excess  Water  Removal  Requirements 

The  water  disposal  system  should  be 
designed  so  that  flooding  will  not 
occur  in  critical  parts  of  the 
watershed  for  a  period  of  time 
sufficient  to  cause  damage  or  dis¬ 
rupt  utilities  and  services.  For 
urban  areas,  design  should  provide 
for  the  removal  of  runoff  from  the 
design  storm  with  a  minimum  of  flood¬ 
ing.  In  agricultural  areas,  the 
degree  of  protection  required  by 
crops  varies  considerably,  depending 
on  their  tolerance  to  the  amount  and 
duration  of  excess  water.  Truck 
crops  are  the  most  susceptible  to 
damage  from  excess  surface  water, 
with  damage  occuring  to  some  when 
flooded  for  the  relatively  short 
period  of  24  hours  or  less.  General 
crops  such  as  corn  and  grain  are 
less  susceptible,  with  pasture  being 
the  least  subject  to  water  damage. 
Woodland  areas  are  the  least  subject 
to  damage  from  flooding  for  pro¬ 
longed  periods. 

Poorly  drained  soils  adversely  affect 
the  use  of  the  land  for  most 
purposes.  On  agricultural  land, 
high  water  tables  restrict  root 
depth;  the  soil  temperature  is 
lowered  and  air  circulation  is 
severely  limited  depending  on  the 
degree  of  soil  saturation.  Wet  spots 
in  the  field  delay  farm  operations 
and  shorten  the  growing  season. 

In  residential  areas,  poorly  drain¬ 
ed  soils  adversely  affect  the  con¬ 
struction,  maintenance  and  use  of 
roads  and  streets  in  addition  to  the 
harmful  effects  on  ornamental  plants, 


flower  gardens  and  lawns.  These 
soils  also  limit  or  prohibit  the 
development  of  some  areas,  pre¬ 
venting  the  proper  functioning  of 
septic  tanks  or  tile  field  drains 
and  thus  contribute  to  health  hazarda 


Road  culverts  at  lower  elevation  provide  an  outlet 
for  low  lying  drainage  areas  and  subsurface  water  - 
Soil  cement  bag-type  headwall  stabilized  fill. 


DESIGN  CRITERIA 

The  design  of  excess  water  disposal 
systems  and  supporting  structures  is 
based  largely  on  Hydrology  and 
Hydraulics.  This  report  is  limited 
to  the  application  of  these  sciences 
as  they  apply  to  water  disposal 
systems.  Data  and  detailed  infor¬ 
mation  on  the  design  of  the  drainage- 
ways  are  tabulated  on  the  pages 
following  this  narrative  section. 

Drainage  Curves 

To  determine  the  required  runoff  and 
design  capacity  for  the  drainageways , 
the  Cypress  Creek  formula  was  used: 
5/6 

Q  =  CM 

Where:  Q  =  Average  rate  of  runoff 

in  cubic  feet  per  second  for 
which  the  ditch  is  to  be 
designed . 

C  =  Appropriate  drainage 
coefficient  for  1  square 
mile  of  watershed. 
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M  =  Square  miles  of  water¬ 
shed  . 

This  formula  provides  an  economical 
and  effective  design  for  open 
ditches  if  C  is  selected  properly. 


channels  in  these  lighter  soils 
must  consider  the  need  for  checking 
erosion  and  bank  sloughing  that  might 
occur,  immediately  following 
construction,  when  water  tables  are 
high. 


The  drainage  coefficient  is  the  rate 
of  removal  of  runoff  to  provide  a 
specific  degree  of  drainage  pro¬ 
tection  to  an  area.  Land  use,  soils, 
topography  and  rainfall  intensities 
and  duration  determine  the  selection 
of  drainage  coefficients. 

Three  runoff  curves  have  been  develop¬ 
ed  from  which  required  drainage 
capacities  of  open  ditches  in  this 
report  were  computed.  Each  curve  is 
based  on  a  particular  land  use.  For 
purposes  of  this  report,  curves 
selected  were  for  present  land  use. 
(See  Figure  No.  1) 

The  highest  curve  used  is  for 
general  crops  followed  in  descending 
order  by  the  curve  for  pasture  or 
grassland  and  the  curve  for  forest 
or  woodland. 

These  curves  provide  for  the  removal, 
in  24  hours,  of  the  following  est¬ 
imated  amounts  of  runoff  for  a  one 
square  mile  area. 

General  crops  curve  -  1.67  inches 

Pasture  Curve  -  .93  inches 

Woodland  Curve  -  . 37  inches 

Velocity 

The  maximum  safe  velocity  in  an  open 
channel  is  determined  based  on  soil 
characteristics,  the  shape  of  the 
channel,  and  available  means  for  the 
stabilization  of  the  channel  after 
construction.  The  optimum  velocity 
for  channels,  based  on  soil 
conditions  in  Florence  County,  is 
approximately  2  feet  per  second. 

The  soils  are  predominantly  sandy 
loams  with  sandy  clay  subsoils. 

There  are  some  areas  where  sands 
occur,  therefore  the  design  of 


Velocities  were  computed  by  use  of 
Manning's  formula: 

2/3  1/2 

V  =  1.486  x  r  x  s 

n 


Where:  n  =  roughness  coefficient 

r  =  hydraulic  radius 
s  =  slope  in  feet  per  foot 
along  the  ditch 


The  proper  design  of  a  ditch  cross 
section  requires  the  selection  of  the 
proper  value  of  "n" .  The  following 
tabulations  were  used  for  selection 
of  these  values  in  the  design  of 
main  canals  with  good  alignment: 


Hydraulic  Radius* * 


II 


Less  than  2.5  .045 
2.5  to  4.0  .040 
4.0  to  5.0  .035 
Over  5.0  .030 


*The  hydraulic  radius  is  obtained  by 
dividing  the  proposed  area  of  the 
channel  cross  section  by  its  wetted 
perimeter. 


Roughness  coefficients  were  selected 
anticipating  flow  retardance 
features,  vegetative  growth  and 
sedimentation,  several  years  after 
construction.  Newly  dug  channels 
with  lower  roughness  coefficients 
will  have  higher  velocities  initially. 
These  velocities  will  reduce  as  the 
vegetation  and  sedimentation  occur, 
especially  during  the  first  few  years: 
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Watershed  Area  In  Square  Miles 
Figure  No.  1  -  Drainage  Coefficient  Curves 
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When  larger  ditches  cross  roads,  a  bridge  provides 
unrestricted  flow  capacity  for  excess  water  runoff. 


Channel  Cross  Section 

Depth  and  width  of  the  channel  are 
both  significant  considerations  in 
design.  Channels  designed  for  sub¬ 
surface  drainage  must  be  deep  enough 
to  intercept  at  some  depth  below  the 
surface  and  allow  for  safe  disposal. 
The  channel  depth  must  be  adequate 
for  lateral  ditches  and  tile  drains. 
Other  things  considered  to  favor 
deeper  channels  with  resulting  nar¬ 
rower  bottom  widths  are:  less  right- 
of-way  is  required,  vegetative  grow¬ 
th  on  the  wetted  perimeter  is 
reduced,  and  conditions  are  less 
favorable  for  the  formation  of  sand¬ 
bars.  A  channel  approximately  as 
deep  as  its  bottom  width  -  within 
practical  and  economical  limits  - 
will  remain  effective  for  a  longer 
period  because  it  has  more  favorable 
hydraulic  characteristics. 

A  minimum  bottom  width  of  3.0  feet 
was  used  in  sizing  main  channels, 
for  this  report.  This  conforms  to  a 
bucket  width  of  small  dragline 
excavating  equipment  commonly  avail¬ 
able  in  the  county.  Bottom  widths 
were  selected  as  narrow  as  design 
and  construction  criteria  would 
permit  to  maintain  a  favorable 
hydraulic  section  with  higher 
velocity  to  help  prevent  siltation. 


Side  slopes  of  the  ditch,  as  well  as 
depth  and  allowable  velocities,  are 
determined  primarily  by  topography, 
soil  conditions,  proposed  maintenance 
methods,  and  a  need  for  adequate 
rights-of-way.  To  satisfy  these 
conditions,  1  to  1  side  slopes  were 
used  for  main  channels  in  this  report. 
Detailed  soil  surveys  may  indicate 
subsoils  that  would  allow  h.  to  1  side 
slopes  in  many  areas.  This  side  slope 
has  been  used  satisfactorily  in  num¬ 
erous  cases  in  the  county.  In  urban 
areas,  flatter  side  slopes  may  be 
desirable  for  aesthetic  and  easier 
maintenance  purposes. 

In  fine  sands,  or  other  unstable 
soils,  having  high  water  tables, 
sloughing  of  side  slopes  may  be 
expected  immediately  after  excavation. 
Sloughing  will  continue  until  the 
water  table  becomes  established  at 
the  lower  level.  The  problem  can  be 
controlled  somewhat  in  wide  channels 
by  utilizing  a  pilot  channel  to  lower 
the  water  table,  followed  by  final 
construction  when  the  slopes  have 
become  more  stabilized.  If  a  pilot 
channel  is  not  used,  a  maintenance 
operation  may  be  required  soon  after 
the  water  table  has  stabilized  to 
restore  the  desired  cross  section. 

Culverts  and  Bridges 

Culverts  generally  restrict  the  flow 
of  water  in  ditches  by  decreasing  the 
flow  area  thereby  causing  a  loss  in 
hydraulic  head.  This  was  considered 
in  sizing  main  channels.  At  culverts, 
during  design  flow,  the  hydraulic 
gradient  was  set  low  enough  to  keep 
the  profile  of  the  water  surface  well 
within  the  channel  cross  section  in 
all  critical  areas. 

Right-of-Way  Requirement- 
Spoil  Bank  Management 

Factors  governing  width  of  rights-of- 
way  can  best  be  understood  by  con¬ 
sulting  Figure  No.  2.  The  principal 
requirements  for  spoil  bank  management 
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Right-Of-Way  to  be  Cleared 


2  :  1  or  Steeper 


TYPICAL  CROSS  SECTION  -  SPOIL  SHAPED  ONE  SIDE 

R.O.W.  =  5+  T+  6  +  S+15 
S  =  1.3  A  -i-  3  (where  A  =  Excavated  Area) 

Wooded  Area  -  R.O.W.  =  T  +  — —  +  26 

Open  Area  -  R.O.W.  =  T  +  — +  1 1 
Bottom  Width  Less  than  20  ft. 


Max.  ds  =  3' 

TYPICAL  CROSS  SECTION  -  SPOIL  SHAPED  BOTH  SIDES 


R.O.W.  =  15  +  S  +  6  +  T  +  6  +  S+15 
R.O.W.  =  2S  +  T  +  42 

2S  =  1.3  A  -r  6  (where  A  =  Excavated  Area) 

Wooded  Area  -  R.O.W.  =  T  +  — -  ^ --  +  42 

b 

Open  Area  -  R.O.W.  =  T  +  — -|-A ■■■  +  22 
6 

Bottom  Width  More  Than  20  ft. 

FIGURE  2 
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includes  a  right-of-way  wide  enough 
for  placement  of  spoil  and  debris 
and  shaping  of  spoil  into  a  travel¬ 
way  for  maintenance  equipment.  No 
berm  widths  are  needed  where  the 
spoil  is  to  be  spread  and  shaped  to 
establish  a  travelway  on  top  of  it. 

A  berm  width  of  15  feet  is  recom¬ 
mended  for  access  and  to  avoid  slope 
failure  where  spoil  is  to  be  stacked 
and  not  shaped. 

DESCRIPTION  OF  AREAS 

To  facilitate  planning,  the  county 
was  divided  into  8  areas,  generally 
along  watershed  divides  or  large 
drainageways .  This  delineation 
allowed  the  study  to  be  made  of  the 
present  drainage  system  and  its 
needs  peculiar  to  each  area.  A  brief 
description  of  each  area  and  the 
features  having  some  influence  on 
the  study  of  its  drainage  problems 
follows : 

Area  1  -  Florence  -  Mars  Bluff  - 
Quinby 

Area  1  joins  Darlington  County  in 
the  northernmost  part  of  the  county 
and  is  bordered  on  the  South  by 
Middle  Swamp  and  Jefferies  Creek  and 
on  the  East  by  the  Great  Pee  Dee 
River.  It  includes  the  metropolitan 
area  of  Florence,  the  county  seat 
with  its  industrial  and  urban  areas, 
as  well  as  the  small  town  of  Quinby. 
Interstate  Highways  95  and  20  cut 
through  the  area  west  of  the  city  of 
Florence.  Farming  interests  in  the 
extreme  Western  part  of  the  area  and 
the  Eastern  section  produce  crops  of 
tobacco,  corn  and  soybeans.  A 
sizable  amount  of  this  area  is  wet 
land  or  land  subject  to  flooding 
along  Black  Creek,  Middle  Swamp, 
Jefferies  Creek  and  the  large  Pee 
Dee  River  Swamp.  Some  of  the  agri¬ 
cultural  soils  include  Wagram,  Nor¬ 
folk  and  Goldsboro.  Wildlife  along 
the  larger  swamps  include  waterfowl, 
deer,  and  raccoons. 


Area  2  -  Timmonsville  -  Cartersville  - 
Sardis  -  Cusaac  Crossroads 

This  section  of  the  county  joins 
Darlington  County  and  is  bordered  on 
the  southwest  by  the  Lynches  River 
and  extends  eastward  to  Lake  Swamp. 
Included  in  this  area  are  the  towns 
of  Timmonsville  and  Cartersville,  on 
U.  S.  Highway  76  that  cuts  across  the 
upper  portion.  Interstate  Highway 
95  slices  through  the  mid  section  and 
U.  S.  Highway  301  cuts  across  the 
lower  portion.  Sparrow  Swamp  runs 
through  almost  the  entire  length  of 
Area  2  which  along  with  the  Lynches 
River  Swamp  and  Lake  Swamp  involve 
large  areas  of  wet  natured  or  flooded 
soils.  Farming  in  the  better  higher 
elevations  produces  good  crops  of 
tobacco,  corn,  and  soybeans. 

Area  3  -  Savannah  Grove  -  Peniel  - 
Effingham 

Area  3,  immediately  south  of  the  city 
of  Florence  is  bordered  by  Lake  Swamp 
on  the  west  and  extends  across  U.  S. 
Highway  52  to  include  a  section  along 
the  Lynches  River  and  a  tributary, 
McCall  Branch.  The  northern  boundary 
is  Middle  Swamp  and  the  southern 
boundary  mainly  the  Lynches  River. 

U.  S.  Highways  301  and  52  cut  through 
this  area  of  rather  flat  land  with 
several  small  branches  that  drain 
into  the  Lynches  River.  A  number  of 
soils  with  high  water  tables  are 
present,  however,  fair  crops  of 
tobacco,  corn  and  soybeans  are  pro¬ 
duced  on  the  higher  better  drained 
fields  of  Norfolk,  Wagram,  and 
Goldsboro.  Some  of  the  wet  natured 
soils  are  Coxville,  Lynchburg  and 
Rains . 

Area  4  -  Claussen  -  Evergreen  - 
Willow  Creek 

This  area  includes  the  entire 
drainage  area  of  Willow  Creek  and  its 
tributaries  which  runs  through  the 
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center .  It  extends  from  the 
Seaboard  Coast  Line  Railroad  on  its 
western  border  to  the  Great  Pee  Dee 
River  on  the  eastern  border  and  from 
Jefferies  Creek  on  the  north  south¬ 
ward  to  include  the  drainage  area  of 
Cypress  Creek.  The  area  is  rather 
flat  and  contains  several  wet 
natured  soils  such  as  Lynchburg, 
Coxville,  and  Rains.  The  better 
drained  soils  such  as  Norfolk  and 
Wagram  along  with  drained  Goldsboro 
and  the  above  mentioned  soils  pro¬ 
duce  crops  as  grown  in  the  other 
areas  -  mainly  tobacco,  corn  and 
soybeans . 

Area  5  -  Olanta  -  Scranton  - 

Lake  City  -  Byrds  Crossroads 

In  the  southwestern  corner  of  the 
county  ,  this  area  joins  Sumter, 
Clarendon  and  Williamsburg  Counties 
on  the  west  and  south  and  extends 
over  to  U.  S.  Highway  52  on  its 
eastern  side  and  includes  the  town 
of  Lake  City  and  a  small  area  east 
of  Lake  City.  It  extends  up  to  the 
Lynches  River  on  its  northern  border. 

U.  S.  Highway  301  cuts  across  the 
western  side  of  the  area,  U.  S. 
Highway  52  across  the  Eastern  side 
and  U.  S.  Highway  378  runs  along  its 
southern  edge  while  the  rest  of  this 
area  is  covered  with  a  network  of 
state  and  county  roads.  The  land  is 
fairly  level  and  includes  a  number 
of  wet  natured  soils  that  need 
drainage  improvements  generally,  such 
as  Goldsboro,  Lynchburg,  Coxville, 
Rains,  and  Pantego.  The  Lynches 
Lake  Swamp  and  Camp  Branch  section 
in  the  center  of  Area  5  was  improved 
with  a  drainage  channel,  the  Lynches 
Lake  -  Camp  Branch  Watershed  project, 
completed  in  1969.  This  project 
provided  an  outlet  for  drainage  from 
dozens  of  farms  in  the  area  between 
Olanta  and  Scranton. 

The  farms  in  this  area  produce  the 
same  crops  as  the  other  areas  - 
tobacco,  corn,  soybeans.  In  addition. 


in  the  Lake  City  vicinity,  several 
kinds  of  truck  crops  are  produced 
such  as  beans,  peas,  tomatoes, 
squash,  cucumbers  and  watermelons. 
This  section  of  the  county  along  with 
most  of  the  others  has  wildlife  that 
includes  squirrels,  deer,  quail,  and 
doves  in  large  numbers. 

Area  6  -  Friendfield  -  Coward  - 
Highhill  -  Camerontown 

Area  6  includes  the  lands  immediately 
east  of  Coward  and  Lake  City  on 
U.  S.  Highway  52,  and  eastward  across 
the  Lynches  River  to  lands  on  the 
other  side  of  the  river  drained  by 
several  small  tributaries.  The  area 
extends  southward  to  the  Lynches  Lake 
Swamp  and  northward  to  the  New  Hope 
community.  With  the  Lynches  River 
running  north  and  south  through  the 
center  of  area  6 ,  a  large  acreage  is 
subject  to  flooding  from  it  and  its 
tributaries . 

The  soils  are  wet  natured, in  general, 
and  poorly  drained  -  they  include 
Leaf,  Coxville,  Lynchburg,  Rains  and 
Cahaba . 

The  higher  elevation  field  soils,  in 
lesser  acreages,  include  some  Norfolk 
and  Goldsboro.  Crops  grown  in  the 
area  are  somewhat  limited  to  fair 
production  of  corn  and  soybeans  with 
some  tobacco  and  truck  crops  on  high¬ 
er  field  locations. 

Area  7  -  Hyman  -  Pamplico  -  Blossom  - 
Salem 

Area  7  joins  area  6  on  the  east  side 
and  extends  over  to  the  Great  Pee  Dee 
River  on  the  eastern  side.  It  in¬ 
cludes  all  the  drainage  area  of  Big 
Swamp  and  its  small  tributaries  south 
to  where  it  empties  into  the  Lynches 
River.  Big  Swamp  flows  southward 
through  the  center  of  this  area, in¬ 
fluences  the  wetness  of  all  low  lying 
land  adjacent  to  it. 

The  area  is  relatively  flat  with  some 
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depression  areas  which  need  drainage 
improvements.  The  higher  field  areas 
contain  soils  like  Wagram,  Norfolk 
and  Goldsboro  while  the  major  wooded 
areas  have  Duplin,  Lynchburg  and 
Rains  soils. 

This,  as  well  as  other  areas  of  the 
county,  is  considered  highly  agri¬ 
cultural,  producing  good  grops  of 
tobacco,  corn,  soybeans  and  some 
truck . 

Wildlife  in  this  area  abounds  includ¬ 
ing  deer,  raccoon,  squirrel,  water- 
fowl  in  the  Pee  Dee  Swamp,  doves 
and  quail. 

Area  8  -  Poston  -  Salem  -  Vox  - 
Johnsonville 

Area  8  is  located  in  the  extreme 
southeastern  corner  of  the  county 
and  is  bounded  on  the  East  by  the 
Great  Pee  Dee  River  on  the  south  by 
Muddy  Creek  and  the  Williamsburg 
County  line  and  joins  area  6  and 
area  7 . 

The  Lynches  River  and  Lynches  Lake 
Swamp  traverse  the  area  from  east 
to  west  and  influence  a  major  portion 
of  the  lands  adjacent  to  them.  A 
sand  mining  company  has  excavated 
sand  on  sizable  acreages  just  north 
of  the  Lynches  River  near  Johnson¬ 
ville  . 

The  soils  in  the  area  include 
Norfolk,  Wagram,  Duplin  and  Varina 
in  the  section  north  of  the  river 
and  Chipley,  Olanta,  and  Lakeland 
south  of  the  river .  Like  the  other 
areas  the  main  crops  grown  on  the 
better  soil  types  are  tobacco,  corn 
and  soybeans.  The  area  is  generally 
flat  with  low  lying  lands  adjacent 
to  the  streams  and  swamps.  Wildlife 
abounds  in  the  swamps  and  includes 
deer,  raccoons,  squirrels  and  water- 
fowl,  while  on  the  higher  areas 
there  are  also  quail  and  doves  in 
good  numbers. 


FACTORS  CONSIDERED  IN  PREPARATION 
OF  PLAN 

The  Water  Runoff  Study  was  prepared 
by  engineers  of  the  Soil  Conservation 
Service  with  the  assistance  of  the 
Florence  County  Development  Board. 
On-site  investigations  were  made  of 
the  outlets  for  each  main  canal,  and 
the  factors  affecting  water  disposal 
within  the  watershed,  such  as  land 
use,  river  stages,  flooding,  and  the 
time  of  year  in  which  flooding  occurs, 
were  studied. 

Present  land  use  and  anticipated 
future  land  use  was  considered  in 
sizing  the  drainage  ditches  for  this 
study.  Engineering  information  avail¬ 
able  through  the  Florence  Field 
Office  of  the  Soil  Conservation 
Service  was  also  used,  particularly 
that  pertaining  to  drainage  invest¬ 
igations  . 

U.  S.  Geological  Survey  Topographic 
Maps  were  used  in  many  areas  to 
determine  the  general  topography 
within  each  watershed  and  to  assist 
in  delineation  of  watersheds.  A 
limited  amount  of  instrument  sur¬ 
veying  was  done  in  some  areas  to  de¬ 
termine  direction  of  runoff  and 
outlets . 

Aerial  photographs,  scale  1"  =  1320', 
flown  in  1969,  were  used  in  recording 
field  data  and  for  the  preparation  of 
the  drainage  plan. 

Agencies  and  commercial  concerns, 
having  knowledge  of  specific  drainage 
problems,  were  consulted  in  making 
decisions  in  certain  areas.  Also, 
maps,  surveys  and  plans  available 
from  these  agencies  were  used. 

In  most  instances,  mains  were  located 
along  natural  drains  with  modifi¬ 
cations  in  alignment  to  improve  the 
flow  and  collection  of  water.  All 
needed  laterals  within  the  watersheds 
were  not  located  since  the  purpose 
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of  the  study  is  to  locate  and  size 
only  the  main  canals  which  will 
furnish  a  means  of  disposal  of  run¬ 
off  from  all  parts  of  the  watershed. 
All  mains  terminate  in  rivers,  creeks 
or  natural  outlets  at  a  point  where 
they  have  adequate  capacity  and 
depth . 

No  attempt  was  made  to  locate  under¬ 
ground  utilities,  such  as  telephone 
cables,  gas  pipelines,  water  mains, 
and  conduits,  as  a  part  of  this 
study.  However,  due  consideration 
must  be  given  to  the  location  of 
these  underground  utilities  during 
the  preparation  of  the  final  plans. 

No  designs  are  included  for  the 
ditches  receiving  runoff  at  the  edges 
of  the  city  of  Florence.  A  Storm 
Drainage  Study  was  completed  for  the 
Greater  Florence  Planning  Area  by 
LBC  &  W  -  Harwood  Beebe  Company  in 
1974.  Reference  to  this  publication 
can  be  made  for  design  of  these 
outlets . 

Watersheds  draining  into  the  county 
from  adjoining  counties  were  includ¬ 
ed  in  the  design  of  main  canals. 

The  mains,  however,  are  shown  be¬ 
ginning  at  the  county  line.  Attent¬ 
ion  was  given  to  possible  land  use 
changes  in  adjacent  counties  that 
would  affect  runoff  coming  into 
these  watersheds. 

ENGINEERING  CONSIDERATIONS 

Engineering  considerations  for  plan¬ 
ning,  design,  construction,  main¬ 
tenance  and  other  items  pertinent 
to  the  main  drainageways  and  outlets 
feasibility  study  are  listed  below: 

Design 

This  Water  Runoff  Study  was  made  to 
estimate  the  extent  of  needed  main 
disposal  outlets  and  the  physical 
practicability  of  drainage  in  the 
county.  Detailed  engineering  surveys 


and  designs  will  be  required  before 
any  part  of  the  proposed  plan  can  be 
constructed.  All  improvements  should 
be  made  continuous .  Layout  and 
construction  should  begin  at  the  out¬ 
let  end  and  continue  upstream. 

Plans  and  designs  contained  in  this 
report  do  not  include  a  complete 
study  of  underground  storm  sewers 
near  towns  found  in  Areas  1,  2,  5,  6, 
7,  and  8.  Sufficient  engineering 
data  was  not  available  on  the  sewers 
in  these  areas  to  include  in  this 
report.  Detailed  studies  will  be 
needed  to  determine  the  adequacy  of 
these  storm  sewers  and  any  additional 
needs  or  modifications. 

No  attempt  was  made  in  this  study  to 
size  culverts.  Culverts  at  railroad 
and  road  crossings  should  be  designed 
to  satisfy  the  minimum  requirements 
based  on  expected  flow.  Increases 
in  size  of  these  structures  may  be 
desirable  to  provide  an  added  safety 
factor  for  passing  runoff  in  excess 
of  designed  flow  where  future  un¬ 
foreseen  improvements  are  to  be  made 
in  the  vicinity. 

The  South  Carolina  Wildlife  and 
Marine  Resources  Department  and  other 
organizations  or  agencies  concerned 
with  environmental  protection  should 
be  consulted  when  the  ecology  of  an 
area  may  be  affected  by  the  con¬ 
struction  of  main  drainage  canals. 

As  previously  mentioned  under  the 
topic  of  WILDLIFE,  the  Federal  Water 
Pollution  Control  Act  Amendment  of 
1972,  Section  404,  regulates  the 
placing  of  fill  material  in  coastal 
and  inland  waters  and  wetlands. 

Before  undertaking  any  construction 
in  water  or  wetland  areas  an  appli¬ 
cation  for  a  Section  404  permit 
should  be  made  to  the  nearest 
district  office  of  the  U.  S.  Army 
Corps  of  Engineers. 
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Acquisition  of  Rights-of-Way 

The  means  for,  and  the  acquisition 
of,  adequate  rights-of-way  for  the 
installation  of  main  canals  is  ab¬ 
solutely  essential.  The  right-of- 
way  must  be  adequate  to  meet  the 
width  requirements  for  the  channel 
section,  berm,  spoil  management,  and 
to  assure  access. 

Maintenance  of  Channels 

A  well-organized  and  adequately  fin¬ 
anced  maintenance  program  is  essent¬ 
ial  for  proper  maintenance  of  chan¬ 
nels  . 

Provision  for  annual  maintenance  or 
periodic  reconstruction  to  maintain 
the  effectiveness  of  the  channel 
must  be  considered  prior  to  design. 
Many  water  disposal  projects  fail  to 
function  as  designed  and  this  can  be 
directly  attributed  to  an  inadequate 
maintenance  program.  Maintenance  of 
designed  depth  of  channels  is  one  of 
the  most  important  items  in  a 
maintenance  program.  The  cost  of 
maintenance  may  be  reduced  consider¬ 
ably  if  provision  is  made  in  channel 
designs  for  easy  access  and  stabili¬ 
zation  of  silt-contributing  areas, 
such  as  ditch  side  slopes,  new  road 
fills  and  road  ditch  intersections, 
immediately  following  construction. 

Obstructions 

Construction  of  fences,  walks  and 
other  structures  that  may  retard 
channel  flow  should  not  be  permitted. 
Other  structures  such  as  culverts, 
bridge  piers,  trestles,  etc.,  should 
be  designed  to  result  in  minimum 
interference  with  the  channel  flow. 
Dumping  trash,  garbage  and  other 
debris  in  channels  should  be  pro¬ 
hibited  . 

DEFINITION  OF  TERMS 

Brief  descriptions  of  terms  used  in 
this  report  are  listed  below  in 


alphabetical  order. 

c . f . s ,  -  Abbreviation  for  cubic  feet 
per  secons;  a  unit  of  waterflow 
sometimes  called  "second  feet." 

Infiltration  -  The  entrance  of  water 
into  surface  horizons  of  soil. 

Internal  Drainage  -  The  movement  of 
water  through  the  soil  profile.  The 
rate  is  affected  by  the  texture  of 
the  surface  soil  and  of  the  subsoil 
and  by  the  height  of  the  water  table. 
A  wet,  deep  sand  may  have  slow  in¬ 
ternal  drainage  when  the  water  table 
is  high,  and  rapid  internal  drainage 
when  the  water  table  is  low.  A 
plastic,  sandy  clay  soil  may  have 
slow  internal  drainage  regardless  of 
water  table  height. 

Lateral  Ditch  -  A  major  ditch  in  a 
drainage  system  which  serves  as  a 
link  between  the  main  ditch  and  the 
collection  system  in  a  segment  of  the 
watershed . 

Main  Canal  (Ditch  or  Channel)-  The 
principal  channel  which  conducts  the 
drainage  water  from  the  watershed  to 
the  outlet. 

Permeability  Rate  -  The  rate  of 
movement  of  water  through  the  soil. 

Profile,  Soil  -  A  vertical  section  of 
the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Reach  -  A  length  of  channel  selected 
for  use  in  hydraulic  computations. 

Relief  -  The  elevations  or  inequali¬ 
ties  of  a  land  surface,  considered 
collectively. 

Runoff,  Surface  -  The  total  rainfall 
minus  losses  from  interception, 
infiltration,  evapotranspiration ,  and 
surface  storage;  that  which  moves 
across  the  ground  to  a  stream  or 
depression . 
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Runoff,  Subsurface  -  Water  that 
infiltrates  the  soil  and  reappears 
as  seepage  or  spring  flow. 

Soil  Drainage  -  (1)  The  rapidity  and 
extent  of  the  removal  of  water  from 
the  soil  by  runoff  and  flow  through 
the  soil  to  underground  spaces.  (2) 
As  a  condition  of  the  soil,  the 
frequency  and  duration  of  periods 
when  the  soil  is  free  of  saturation. 
For  example,  in  well-drained  soils, 
the  water  is  removed  readily,  but 
not  rapidly;  in  poorly  drained  soils, 
the  root  zone  is  waterlogged  for 
long  periods  and  the  roots  of 
ordinary  crop  plants  cannot  get 
enough  oxygen;  and  in  excessively 
drained  soils,  the  water  is  removed 
so  completely  that  most  crop  plants 
are  damaged  by  lack  of  water . 

Soil  Structure  -  The  arrangement  of 
the  individual  grains  and  aggregates 
that  make  up  the  soil  mass;  may  re¬ 
fer  to  the  natural  arrangements  of 
the  soil  when  in  place  and  undis¬ 
turbed  or  to  the  soil  at  any  degree 
of  disturbance. 

Subsoil  -  In  soils  with  weak  profile 
development,  the  subsoil  can  be 
defined  as  the  soil  below  the  plowed 
soil  (or  its  equivalent  of  surface 
soil)  in  which  roots  normally  grow. 

Surface  Soil  -  The  soil  ordinarily 
moved  in  tillage  or  the  equivalent 
in  uncultivated  soil  about  six  to  ten 
inches  in  thickness. 

Terrace  (Geological)-  An  old  allu¬ 
vial  plain,  ordinarily  flat  or 
undulating,  bordering  a  river,  lake 
or  the  sea.  Stream  terraces  are 
frequently  called  second  bottoms,  as 
contrasted  to  flood  plains,  and  are 
seldom  subject  to  overflow.  Marine 
terraces  were  deposited  by  the  sea 
and  are  generally  wide. 

Texture,  Soil  -  The  relative  pro¬ 
portions  of  sand,  silt  and  clay 
particles  in  a  mass  of  soil.  The 


basic  textural  classes,  in  order  of 
increasing  proportions  of  fine  part¬ 
icles  are  as  follows:  sand,  loamy 
sand,  sandy  loam,  loam,  silt  loam, 
silt,  sandy  clay  loam,  clay  loam, 
silty  clay  loam,  sandy  clay,  silty 
clay  and  clay.  The  sand,  loamy  sand, 
and  sandy  loam  classes  may  be  further 
divided  by  specifying  "coarse," 
"fine,"  or  "very  fine."  A  coarse- 
textured  soil  is  one  high  in  sand 
content;  a  fine-textured  soil  is  one 
high  in  clay  content. 

Water-holding  Capacity  -  The  ability 
of  a  soil  to  hold  water.  The 
capacity  (or  ability)  of  soil  to 
hold  water  against  gravity. 

Watershed  -  An  area  of  land  from 
which  all  water  that  falls  within 
the  area  converges  toward  and 
discharges  past  a  designated  point. 
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EXPLANATION  OF  ENGINEERING  DATA  TABLES 


The  following  Engineering  Data  Tables  contain  information,  listed  by 
areas,  for  each  main  canal  and  lateral  watershed. 

An  explanation  of  each  column  in  the  Engineering  Data  Sheets  is  as 
follows : 


Column  1 

CANAL  NUMBER 

Numbering  of  main  canals  begin  with  M-l  and  laterals 
with  L-'l,  in  each  area. 

Column  2 

LENGTH  IN  FEET 

Stationing  of  all  mains  and  laterals  begins  at  the  upper 
end  (headwaters)  and  continues  toward  the  outlet.  Mains  and 
laterals  are  shown  in  reaches  or  sections  in  the  data 
tables  for  design  purposes.  Each  reach  or  section  reflects 
a  change  in  water  concentration  resulting  from  entrance  of 
lateral  drainage. 

Column  3 

WATERSHED  IN  ACRES 

See  definition  of  terms. 

Column  4 

DISCHARGE-CUBIC  FEET  PER  SECOND 

From  appropriate  drainage  coefficient  curves  dependent 
on  land  use.  (See  Fig.  No.  1) 

Column  5a 

TOP  WIDTH  IN  FEET 

All  ditches  estimated  on  average  5'  depth. 

Column  5b 

BOTTOM  WIDTH  IN  FEET 

Self-explanatory . 

Column  6 

EXCAVATION  IN  CUBIC  YARDS 

Self-explanatory . 

Column  7 

RIGHT-OF-WAY  CLEARING  IN  ACRES 

Self-explanatory . 

COLUMN  8 

REQUIRED  RIGHT-OF-WAY  WIDTH  IN  FEET 

Minimum  width  requirements  for  channel  cross  section,  spoil 
management,  berm  width  and  maintenance  access  road. 
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TABLE  No .  2 


SUMMARY  OF  ENGINEERING  AND  DESIGN  DATA  BY  AREAS 


Area 

Number 

Length  of  Canals 

Feet 

Excavation 

Cubic  Yards 

Right-of-way 

Clearing 

Acres 

1 

355,000 

515,788 

467.5 

2 

559,200 

653,661 

598.9 

3 

360,900 

486,104 

445.0 

4 

437,600 

613,123 

548.7 

5 

398,420 

763,171 

538.6 

6 

543,700 

593,890 

496.0 

7 

305,900 

462,003 

368.4 

8 

277,000 

271,813 

252.5 

County 

Totals  3,237,720  4,359,553  3715.6 
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ENGINEERING  AND  DESIGN  DATA 
-  Florence  -  Mars  Bluff  -  Quinby 
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ENGINEERING  AND  DESIGN  DATA 
Area  1  -  Florence  -  Mars  Bluff  -  Quinby 
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M-64A  2600  150  14  13  3  j  3448 

M-64B  2000  196  17  !  13  3  !  2960 

Total-64  4600  i  1  6808 


cn 

ft! 

n3 

O 

U 

m 

in 

O 

u 

u 

o 

03 
03 
1 1 1 
3 
U 

I 

c 

E-i  cn 
ri]  *H 
D  ft! 
M 

2  03 
O  CO 
H 

03  I 
ft 

Q  a) 
< — i 
Q  fH 
2  *H 
<  > 
in 

O  3-t 
2  Q3 
H  4-1 

cd  m 

ft  03 
ft  U 
2 

H  I 

O 

2  d) 
W  iH 
i— I 

•H 

> 

in 

C 

0 


■r4 

E-t 


I 

CM 


■  — 

>h 

— 

Q 

< 

§ 

2 

ft 

H 

ft 

H 

• 

o 

o 

O 

140 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

in 

m 

D 

O 

a 

4-1 

00 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

cd 

C4 

H 

ft 

' — ■ 

w 

• 

2 

K 

Eh 

ft 

>H 

<c 

CO 

s 

2 

H 

• 

LD 

CO 

00 

ro 

o 

CN 

cD 

ro 

ro 

rH 

or 

l — 1 

CM 

t - 1 

cn 

O' 

H 

OT 

i — 1 

ft 

ft 

O 

o 

c 

■ — " 

CM 

ro 

1 - 1 

00 

o 

1 — 1 

1 - 1 

o 

OT 

rH 

CD 

CM 

ID 

CM 

or 

OT 

i — 1 

o 

i — 1 

w 

CM 

1 - 1 

CN 

• 

ft 

Eh 

cj 

ft 

2 

O 

• 

H 

to 

Eh 

ft! 

C 

X 

,^-N 

00 

ro 

o 

cn 

00 

** 

O 

CO 

O 

o 

O 

00 

CD 

00 

CM 

o 

or 

CO 

CD 

> 

CD 

CD 

■3* 

CM 

o 

r-~ 

CN 

or 

00 

OT 

or 

CO 

CM 

CD 

o 

ro 

<xp 

o 

CD 

cn 

< 

• 

- - 

cD 

CO 

(T> 

CO 

CM 

or 

CD 

CO 

or 

rH 

Of 

or 

O 

ro 

or 

1 — 1 

o 

or 

o 

CD 

o 

(3 

3 

CM 

ro 

1 - 1 

scr 

**• 

*» 

rH 

rH 

OT 

rH 

CN 

in 

ro 

in 

or 

CN 

•*. 

X 

U 

o 

ro 

O' 

ro 

w 

H 

CN 

H 

CN 

CO 

2 

O 

2 

H 

O 

ft 

CO 

Eh 

Eh 

« 

2 

H 

ft 

4J 

ft 

ro 

ro 

ro 

'sf 

CD 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

CO 

ro 

ro 

ro 

or 

or 

O 

H 

ft 

LD 

2e| 

CQ 

s 

" — 

H 

Q 

ft 

w 

ft 

* 

O 

p 

4-4 

03 

ro 

ro 

ro 

CD 

co 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

or 

or 

< 

Eh 

M 

ft 

Ln 

t — I 

i — 1 

i — l 

i — 1 

1 - 1 

H 

rH 

rH 

i — 1 

i — l 

• — l 

H 

* — I 

H 

H 

i — 1 

H 

H 

S 

v-" 

u 

ft 

a 

ft 

• 

< 

m 

2 

• 

in 

CD 

cn 

CM 

O 

ro 

CO 

LO 

00 

CD 

00 

or 

o 

oo 

or 

CM 

r — 1 

CM 

u 

ft 

CN 

ID 

t" 

CM 

CM 

CM 

ro 

ro 

CM 

CN 

H 

CN 

in 

m 

CO 

• 

' — 

H 

CJ 

ft 

Q 

ft 

ft 

2 

00 

CM 

CM 

CM 

CD 

CN 

00 

O 

o 

i — l 

CO 

O 

00 

CM 

CD 

or 

CN 

ft 

C) 

ro 

o 

CD 

<T> 

1 - 1 

ro 

o 

i — 1 

CD 

r" 

cn 

ro 

00 

or 

m 

in 

ro 

OT 

Eh 

< 

■ — 1 

ro 

r- 

o 

ro 

ro 

ro 

OT 

CM 

ro 

i — 1 

CM 

p" 

< 

1 — 1 

2 

ft 

Eh 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

CO 

• 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

2 

ft 

CN 

CO 

CD 

ro 

<Ti 

o 

CD 

rH 

ro 

o 

rH 

o 

oo 

ro 

CD 

H 

or 

o 

CN 

ro 

ro 

ft 

ft 

■ — 1 

1 — 1 

CM 

1 — 1 

CM 

140 

rH 

140 

1 — 1 

ro 

** 

H 

ro 

CN 

ro 

ro 

H 

ft 

ro 

i — l 

m 

H 

t — 1 

i — 1 

ft 

< 

ft 

u 

LD 

< 

CQ 

CJ 

ft 

CD 

< 

CQ 

u 

Q 

< 

• 

LD 

< 

ft 

LO 

LfO 

CD 

CD 

< 

PQ 

CD 

CD 

CD 

CD 

[-' 

< 

< 

m 

r" 

CD 

2 

o 

i — 1 

CD 

1 - 1 

1 — 1 

CD 

CD 

1 

CD 

1 - 1 

rH 

CD 

CD 

CD 

1 

CD 

t — l 

CD 

CM 

CM 

CD 

CD 

i 

<C 

2 

' — 1 

1 

1 

1 

1 

1 

H 

1 

1 

i 

1 

1 

1 

H 

1 

i 

1 

1 

1 

l 

1 

r — 1 

U 

2 

ft 

ft 

2 

2 

03 

2 

ft 

ft 

2 

2 

2 

<T3 

2 

ft 

2 

ft 

ft 

2 

2 

03 

ft 

ft 

ft 

0 

0 

0 

Eh 

Eh 

Eh 

52 


>H 

< 


fa 

U 

fa 


m  '?r 


Q 

fa 

Eh 

fa 

1 

^ 

^  ro 

W  O  co 

CM  CO 

CN 

Eh  <C  w 

cf  ^f 

< 

0 

2 

<L> 

fa 

Eh 

U 

2 

a 


fa  CM 
fa 


u 


o 

2 


H 

(j-4 

R 

• 

o 

o 

o 

o 

o 

2 

O 

Q 

fa 

co 

fa 

fa 

fa 

fa 

fa 

Oi 

H 

Pl-t 

' — " 

fa 

• 

S 

fa 

Eh 

fa 

CD 

CD 

0 

0 

0 

fa 

fa 

fa 

fa 

fa 

>H 

0 

0 

rC 

0 

0 

<C 

fa 

3 

3 

3 

3 

3 

2 

2 

tr 

tr 

tfa 

fa* 

fa1 

H 

• 

ro 

in 

00 

f" 

o 

<D 

1 — 1 

CD 

0 

0 

0 

fa 

fa 

o 

r- 

• 

• 

• 

• 

• 

fa 

• 

fa 

fa 

fa 

fa 

O 

c 

< 

' — ’ 

fa 

o 

fa 

o 

ro 

0 

iH 

0 

0 

0 

0 

. 

9 

CD 

CD 

0 

0 

0 

£ 

u 

fa 

fa 

fa 

fa 

fa 

rH 

rH 

rH 

rH 

rH 

2 

•H 

•H 

•H 

•H 

•H 

O 

• 

3 

3: 

3 

3 

3 

H 

cn 

Eh 

■U 

CD 

CD 

0 

0 

0 

< 

CO 

CM 

o 

fa 

O 

O 

o 

o 

o 

> 

o 

in 

in 

3 

CO 

c 

3 

3 

3 

c 

• 

• — 

CO 

CM 

r- 

CM 

0 

1 — 1 

as 

0 

0 

0 

u 

3 

fa 

t" 

ro 

C 

rH 

3 

3 

3 

3 

X 

u 

CD 

CD 

0 

0 

0 

fa 

fa 

fa 

fa 

fa 

fa 

C 

3 

3 

3 

3 

*H 

•H 

•H 

-H 

•H 

CO 

0 

as 

0 

0 

0 

2 

e 

£ 

£ 

E 

£ 

O 

2 

H 

o 

fa 

u 

fa 

fa 

fa 

fa 

CO 

H 

R 

t 

V 

CD 

CD 

0 

0 

0 

2 

Eh 

fa 

fa 

fa 

ro 

CO 

ro 

ro 

a  co 

2 

04 

O, 

£2 

O 

H 

fa 

LTl 

0 

0 

0 

0 

0 

m 

s 

■ — 1 

u 

fa 

fa 

fa 

fa 

M 

O4 

£2 

£2 

Oh 

Oi 

o 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

•H 

•H 

•H 

•H 

•H 

fa 

R 

• 

3 

3 

3 

3 

3 

o 

fa 

-p 

0 

ro 

ro 

ro 

ro 

ro 

< 

Eh 

H 

fa 

in 

rH 

rH 

rH 

i — l 

rH 

rH 

rH 

i— 1 

rH 

rH 

2 

2 

- - - 

co 

as 

0 

0 

0 

U 

3 

C 

3 

3 

3 

as 

0 

0 

0 

0 

■  o 

U 

O 

O 

U 

fa 

fa 

fa 

fa 

fa 

fa 

c 

c 

3 

3 

3 

u 

CD 

CD 

0 

0 

0 

fa 

• 

cn 

cn 

cn 

cn 

cn 

< 

cn 

CD 

CD 

0 

0 

0 

i — I  CN 

ro  oo 


o  o  o 
o  o  o 

CD  CO  <n 


o  o  o  o  o 

CD  CD  CO  CO  CO 


oj  in  r'  (N  cm  vo 
H  O  (N  (N  in 


ro  co 
oo 


co  ro  no  ro  no 


CD  r — ( 


fal  O  V-I  fat  n  fal 

fa  CN  fa  fa  ct,  fa 


in  m  ^  o  (N 

H  H  'T 


CN  <T>  CO  f-H  on  (N  CO 

l£)  H  ID  'd'  Is  o  m 

fa  cm  cm  ro 


o  o  o  o  o  o 
o  o  o  o  o  o 
in  <n  ic  oo  m  co 

CM  CM 


O  O  O 
O  O  O 
w  m  in  ifl  id 
ro 


o  o 
o  o 


00  CO  CM 

CO  CM  00  CO  O  CM 

co  co 

H  O  l£  H  Cl  in 

CO  CO  co 

in  o  co  cm  o  i — i 

CM  CM  ' 

cm  in  cm  co  »  •*. 

l o 

O  i o 

1 — 1 

rH  CN 

< 

m 

co 

< 

fa 

u 

Q 

fa 

2 

CO 

cn 

< 

m 

U 

a 

W 

O 

00 

CO 

CD 

cn 

cn 

<C 

cn 

cn 

Ol 

< 

fa 

< 

m 

o 

cn 

cn 

CD 

O 

o 

o 

O 

o 

t-H 

CO 

1 

CO 

i 

1 

rH 

CO 

1 

cO 

1 

rH 

1 

cO 

1 

cO 

1 

CO 

1 

CM 

1 

CM 

1 

ro 

1 

ro 

1 

ro 

1 

co 

i 

fa 

i 

1 

rH 

r~- 

i 

i 

i 

r" 

i 

r~ 

i 

1 

rH 

2 

2 

0 

2 

2 

fa 

2 

2 

2 

fa 

fa 

fa 

fa 

fa 

2 

2 

0 

2 

2 

2 

2 

2 

0 

fa 

fa 

fa 

0 

0 

o 

R 

R 

R 

o  o  o  o  m 

ID  ID  ifl  ID  ifl 


Cl  CM  OO  Ol  Ol 


CM  'if  CM  U0  CO  CO 
CM 


CO  CO  CO  CO  rf 


ro  co  co  ci  <f 

i — I  i — I  i — !  < — I  i — ! 


r-  fa 


co 

CM  CM 


fa  CM 
'If  ID 


o 

CM 

CM 

CD 

CN 

o 

in 

in 

cn 

C" 

in 

CN 

in 

cn 

< — t 

in 

in 

CM 

ro 

in 

O 

O 

r" 


o 

Q 

O 

o 

o 

o 

O 

O 

o 

o 

CM 

in 

CO 

rH 

CO 

CM 

co 

- 

00 


53 


CO 

X 

<d 

O 

Sh 

to 

CO 

O 

Sh 

u 

o 

<d 

<d 

to 

3 

U 


co 


>H 

<  U 
3  2 
H 
E  E 
o  c 
w 

•  fa 
Eh  u 
fa 


U  r- 
<  — 


2 

o 

M 

Eh 

£> 

C3 

X 

fa 


to 

03 

>H 


fa 


3 

U 


o 

fa 


fa  fa 

r"  r" 


o  o 

d*  d1 
» — i  i — i 
CO  CO 


o 

fa 


fa  fa 
fa  fa 


CO  CO 
fa  fa 

o  o 

fa  fa 


o  o 

fa  fa 


fa  rH  d1 


CO  fa  fa 

I — I 


oo  r- 

00  OT 
00  fa 


fa  fa 
fa 
fa 


OOOOOOOOfaOCD 

fafafafafafafafar-fafa 


d'OOfafarHOOfaOOCOOfaO 


HHfaHtNHNHH^fMfa 

CM 


O^'COOOO^M'^'J 
OOCM^fOJfNtMfaOJO 
d'O'iOOfaCMCnfacnO 
i — I  i — I  fa  i — I  (N  i — I  CM  i — I  OH 


CM  fa  fa 
(Ti  d1  fa 
CM  rH  O 
^  fa  - 

CM 


U 
W  fd 

w  u 


< 

CO 

&H  10 

2 

o 

2 

Q  03 

H 

O  E 

SH 

CO 

Eh  Eh  •  ^ 

2  fd 

2 

P  Q  O  O 

O  CO 

M 

O  M  Cn  fa 

H 

ms  — 

CO  1 

M 

w 

Q 

Q  CD 

rH 

PI 

Q  rH 

ClJ 

E 

2  *H 

2 

0-i  Eh  •  > 

<  > 

2 

O  Q  -P  cd 

CO 

Eh  l—l  Cn  fa 

a  p 

E 

3  — 

2  a) 

U 

H  -P 

2 

w 

H  1 

e> 

U 

E 

2  cd 

<  CO 

W  rH 

E  •  — 

1 - 1 

U  OH  d 

*rH 

CO  •  — 

> 

H  O 

CO 

a 

c 

0 

1 

a 

•H 

w 

Eh 

X 
r n 

1 

E  •  r~. 

W  Ufa 

CM 

Eh  C  — 

td 

3 

CD 

E 

Eh 

fa 

2 

W 

E 


-P  CM 
E  ' — 


fa 

2 

< 

U 


O 

2 


fa 


O 

CM 


O 

fa 

CM 


o  o 
o  o 
o  o 

fa  fa 


I — I 

r-~ 
f"  i 
I  rH 

2  rd 
■P 
O 
Eh 


fa 


fafafafafafafafa^  fain 


ro 


cn  fa 

i — i  *— i 


fafafafafafafafafa  com 
■ — I  * — Ir—Hi — If — li — li — If — It — I  i — It — I 


O 

CM 


CO  o 

rH  CM 


fafaO'tfafafaO'tfaO  faff\ 
CM  fa  fa  fa  d*  fa  fa 


d* 

in 

CM 


O  CM 
i — I  fa 
CM  CM 


iDOOICNtNIfNd'd'lO  O  <£> 
CNPO'HOJ^CMlOOl  CO  fa 
fa  M1  d  fa  ID  i£)  00 


O  O 
O  O 
fa  fa 
d  d 


o  o  o 
o  o  o 

O  O'  [" 
io  fa  cn 


o 

o 

o 


o  o 
o  o 

fa  fa 
I-H  CM 


o  o  o  o  o 

o  o  o  o  o 

fa  fa  00  fa  CM 

iH  r-H  rH  i — It — I 


<C  CM 

c  m  fa 

<  m 

cm  r-' 

fa  fa  t-" 

d  d 

r-  i 

r--  r-  i 

r~ 

1  rH 

1  1  rH 

I  i 

2  fd 

2  2  fd 

2  2 

-P 

-P 

0 

0 

Eh 

Eh 

O  Q 


< 
i — 1 

■IB 

u 

i — 1 

Q 

i — 1 

w 

rH 

d 

<sT 

<c 

CM 

1 

m 

• 

1 

m 

1 

m 

1 

i 

2 

1 

£ 

1 

e 

W 

d 

r- 

i 

2 


54 


ENGINEERING  AND  DESIGN  DATA 

Timmonsville  -  Cartersville  -  Sardis  -  Cusaac  Crossroads 


a 

Eh  • 
Q  -P 
H  fa 


CO 


>H 

< 

U 

3 

2 

H 

•  .. — . 

fa 

a 

O  P 

O 

< 

< 

a 

• 

a 

Eh 

u 

a 

2 

O 

H 

Eh 

> 

6 

X 

fa 


cn 

?h 


CO 


d 

u 


-P  XI 
fa  in 


K 

Eh  .  — 
Q  -P  (fl 
h  fa  in 
3  — 


o  o 

CO  CO 


<1) 

-p 

cd 

d 

tn 

a) 

TJ 

d 

QJ 

X3 


rH  rH 
pH  rH 


_<1)  _ 

-P 

id 

d 

d1 

a;  cn 
hd  • 

id  CM 

o 

X! 


d  d 

co  co 


i — i  i — i 


■H 

<U 

u 

c 

id 

c 

cd 

-p 

c 

*H 

id 

e 


p 

<u 

CP  co  co 
o 

p 

CD  _ 


•H 

3 

a) 

o  co 
c  co 
id  co 
c  cn 
a) 

-p 

c 


id 

e 

p 

0) 

a, 

o 

p 

-CD. 

x: 

-p 


co  co 

i — I  i — i 


■p 

4-1 

fa 

C 

c 

u 

d) 

0) 

a 

• 

cn 

cn 

< 

Cd 

0) 

CD 

a 

P  CN 

d  P 

u 

in  d 

a 

a 

a 

•  — 

H 

o 

Q 

o  o 

CO  CO 


p  cn  co 

O  O  d1 


o  d  d 
^  d1  co 

p  r-i  co 
d  d 


cO  d 


o  o 

CO  CO 


cn  co  p 
n  h  m 


d  d  co 
d  cn  a 
i — I  o 

d  H  CO 


cn  d 


<n 

co 

cn 

in 


co 

co 

CO 

n 

co 


i 

CN 

id 

a) 


a 

w 

a 

2 

w 

Eh 

C 

3 


U  co 
<  — 


a 

Eh 

CD 

2 

a 


-P  CN 
fa  — 


CN  CD  o  cn 
rH  rH  CO  n 


CN  CO 
P  cO 


o  a 
cn  n 


o  o  o  o  o 

o  o  o  o  o 

cn  co  co  d  cn 

CN  d 


o  o  o 
o  o  o 
n  a  co 
cn  a 


o  o  o 
o  o  o 

a  co  -H 
CN  rH  d 


o 

o 

CM 

a 

n 

n 


a 

< 

2 

6 


o 

2 


< 

n 

p 

i 

2 


a  n 
a  n  p 

rH  p  i 
I  I  rH 

a  2  id 
■p 

o 

Eh 


<c  a  a 
a  a  p 

P  P  | 

I  ^ 

2  id 

-p 
o 
eh 


I 

2 


< 

p 

p 

I 

2 


CN 

I  TJ  rH 

td  c  cd 
<D  cd  -P 
P  P  o 
■3  O  Eh 


55 


g 
(0 
x: 
tn 
3 
■H 
P 
M-l 
3  W 
Eh 

3  I 
Q 

i — l 

S  3 
O  -H 
H  3 
cn  3 
M  ft 
Q 


Q 

S 

3 


l 


<D 
> 
O 
CD  3 
2  CD 

H 

ft  x: 

w  3 

w  c 
s  c 

H  3 

o  > 

2  3 

w  w 

i 

ro 

3 

3 


Q  3 

S  ^  ft 

H  ft  Eh 
P  O  Q 

cn  M 


P  CO 
ft 


a 


So 

ft  ft 

o  3 

.a 

ft  o 
ft 


2 

O 


cn 

TD 


o  o 

P  p 


n  cd  cn 

VD  fN  CO 


O  O  O  00  00 
P  P  P  P  P 


0) 

P 

3 

3 

tP 

<U  Ln  rH  CN  X)  I-H  P 

T3 . 

3  ft  CO  rH  00  CM  ft 

I - 1 

3 

X! 


o  o 

X)  X) 


ooooft-ooooo 

pppftftppppp 


POX) 
LO  i — ip 


ftpcncnoftpftpo 

PCNCNPP.HCNPCNP 


g 

u 

X 

M 

ft 

3 

U 

P 

6808 

2812 

9620 

U 

3 

3 

3 

3 

P 

3 

ft 

00 

00 

ft 

3404 

1332 

4255 

2590 

16,465 

6068 

1036 

7104 

2072 

2812 

3108 

5548 

8194 

o 

CO 

ft 

1 — 1 

2812 

5772 

2220 

5328 

CO 

3 

2 

6 

O 

2 

1 

H 

O 

ft 

U 

CO 

ft 

ft 

• 

3 

2 

ft 

Q 

P 

X2 

00 

oo 

ft 

00 

oo 

CO 

p 

p 

CO 

CO 

CO 

CO 

CO 

p 

CO 

CO 

CO 

CO 

CO 

CO 

o 

H 

ft 

P 

0 

ft 

s 

- - 

3 

H 

ft 

Q 

x: 

p 

p 

ft 

ft 

ft 

• 

£ 

2 

o 

u 

P 

3 

00 

CO 

CO 

ro 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

p 

CO 

CO 

CO 

CO 

CO 

CO 

< 

ft 

H 

ft 

LT) 

i-H 

1 — 1 

i — 1 

1 — 1 

1 — 1 

i—l 

1 — 1 

1 — 1 

i — H 

1 — 1 

rH 

1 — 1 

1 — 1 

rH 

rH 

rH 

rH 

rH 

rH 

1 — 1 

a 

s 

' — ' 

3 

u 

3 

rtf 

p 

ft 

3 

u 

3 

ft 

• 

3 

3 

cn 

3 

ft 

• 

rH 

ft 

3 

00 

ft 

LO 

cn 

cn 

cn 

rH 

00 

p 

ft 

LO 

o 

LO 

CN 

CO 

CO 

CO 

u 

ip 

ft 

oo 

00 

ft 

ft 

1 — 1 

rH 

p 

p 

i — 1 

CN 

CN 

CN 

r** 

cn 

CN 

CN 

ft 

p 

CO 

• 

N — 

H 

u 

Q 

Q 

W 

ft 

g 

. 

CN 

p 

O 

o 

o 

o 

o 

o 

p 

p 

CN 

CO 

p 

CO 

CO 

00 

p 

CO 

ft 

ft 

w 

o 

CO 

CD 

in 

O 

CN 

p 

p 

o 

CO 

CN 

ft 

p 

o 

ft 

CO 

o 

ft 

ft 

00 

ft 

CN 

ft 

3 

' — 1 

in 

p 

ft 

p 

1 — 1 

i — 1 

cn 

cn 

CN 

CN 

1 — 1 

CO 

CO 

rH 

ft 

CN 

CN 

p 

CO 

3 

rH 

i — 1 

S 

ft 

ft 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

u 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

2 

P 

CN 

p 

O') 

p 

oo 

00 

cn 

CO 

CN 

rH 

ft 

CO 

ft 

<n 

i — 1 

ft 

ft 

o 

cn 

<n 

p 

p 

M 

ft 

■ — 

ft 

i — 1 

p 

CO 

CN 

CN 

.H 

ft 

ft 

1 — 1 

i — 1 

CN 

CO 

CO 

rH 

i — 1 

CO 

i — 1 

co 

P 

O 

i-H 

P 

3 

• 

3 

m 

i — 1 

3 

PQ 

3 

ft 

CJ 

Q 

CN 

3 

ft 

CO 

3 

3 

ft 

m 

u 

3 

m 

3 

u 

Q 

2 

0 

1 — 1 

rH 

i — 1 

i 

CN 

CN 

i — 1 

i — 1 

CN 

CN 

1 

00 

CO 

i 

ft 

i — 1 

1 - 1 

ft 

ft 

<N 

CN 

CO 

CN 

CN 

3 

2 

— " 

i 

i 

i — 1 

1 

1 

l 

i 

i 

i 

1 - 1 

1 

i 

i — 1 

1 

I 

1 

i 

1 

i 

1 

1 

1 

1 

U 

2 

2 

3 

2 

2 

P 

P 

2 

2 

3 

2 

2 

3 

2 

P 

P 

2 

2 

p 

P 

p 

P 

p 

P 

P 

P 

0 

0 

0 

ft 

ft 

ft 

56  - 


£ 

(0 

xi 

CP 

c 

•H 

4-1 

4-1 

W 


Eh 
< 

P 

Z 

o 

H 

in  0 
w  P 
p 


rH 

0 

•H 

G 


Q 

Z 

< 

ID 

Z 


p  x: 

w  f0 


w 

z 


H  rd 
CD  > 
Z  id 
w  c n 

i 


§ 


>h 

< 

5 


H  P 
D  O 
O i 


§ 


K 

Eh  •  ~ 
Q  +j  CO 
H  p  ' — 


>H 


cd 

z 

H 

p  Pi 


o 


u  r-' 


Z 

o 

H 

£ 

u 

X 

w 


cn 

43 

>H 


M3 


P 

O 


-P  33 
P  143 


4-)  (3 

P  in 


W 

CD 

P 

< 

s 

cn 


4-4 


Q 

W 

P 

2 

w 

Eh 

I 


O  oo 


CD 

Z 

a 


4->  in 

P  — 


P 

< 


U 


O 

z 


0  0 
4-)  4-> 
id  id 
P  P 
O'  O' 
0  0 


M3 


43  43  • 


0 


0 

33 


Id  U3 

oo 

0 

33 


r— I  i — I 


2  5 


0  0 
o 
c 


O  M> 

G  d- 


0  03 

C  - 
0  03 
4-4  03 

G 

•H 

£ 


U  Sh 
0  0 
C4  C4 
O  0 
in  Sh 
P  ft 

rG  Xi  - 
4->  43 
•H  *H 


m  0 

g  g 

u  o 

-P  43 
C  G 
0  0 
in  in 
0  0 

H  V4 
P  p 


o  o 
oo  in 

O  H 
h  i — i 


o 

o 

■4T 

CN 


P 

I 

2 


O  O  O  CO  o  o 

ifl  O  O  10  ifl  ifl 


o 


0 

43  - 

0 

p 

O' 

o  n  o  (ji  n  o  0  oo  in 

. 43  •  • 

o  M)  oo  in  cn  id  h  r-- 

H  03 

0 
32 


41  co  ffi  n  (N 

O  O  00  04  CN  H 

CO  CO  CN  M3  M)  00 

‘  0  0  N1  43  OJ 


oo  oo  oo  in  on  oo 


03  03  03  in  03  03 


d1  L43 
^  O 
0  CN  CN 
C  ON  « 
0  rH 
-P  d1 
C 

•H - 

id 

£ 


in 

0 

04  M3 
0 
S-l 
04 

33  ._ 

-P 

*H 

5 


M3 


in  o  in  in  oo  o 

03  in  CN  I —  i— I  CN 


43 

c 

0 

in 

0 

>H  m 
P  03 


OM3COd,OOOOd' 

MSCTiOOd'COd'CPrH 

'JlDCNHHOICMin 


o  o  o  o  o  o  o 

o  o  o  o  o  o  o 

o3  0  0  in  0  03  o 

d*  in  CN  03  i— I  CN 


o 

o 

CO 

00 

CN 


OOO^CTiPOOCN 

M3M>r'~r"0000M3M>O 


<  03 
in  in 
I  I 
2  2 


u  <c  m  u  p 

in  cn  cn  cn  in 

I  I  I 

2  P  P 


I 

p 


03C30303rH'srincO'sfM3 


mincoppcNinrHcoco 

NT 


M)  M3 


03  03  M3 
M>  M3  -  rH 


ffliflinooi'^in 

or^r-'COM3r4om 


t''  C33  03  O  04 
»  oo  (N  i— I  -  ^ 

sf  ^3*  rH 

— I  i — I  0 


03  03M>r^CNCN00  03  M3 


03  03M)[^CN04  03  03  M3 
(Hi — 1( — li— ICNCNi — IrHCN 


(TiOomocPcNinin 

O30OIO00OJCNO3 


00OI00CNCN0O 
o3r^oor'03M30'03CO 
inr'inmoi^fNCNO 
H  H  CN  CN  00 


O 

O 


O  O 
O  O 


O  O 
O  O 


00  00  CN  00  in  ON 


d*  d’  m 


d*  H 


o 

o 


o  o 
o  o 

00  M3  CN 

H  00  * 

r- 

CN 


cmupwpcmcDM) 


M3M3M3M3M3M3HHM3 

I  I  I  I  I  I  I  I  I 

S22222PP2 


57 


ENGINEERING  AND  DESIGN  DATA 


REQUIRED 

>H 

Cm 

O 

g 

WIDTH 

Ft. 

CO 

o 

CD 

09 

09 

00 

CD 

0 

0 

0 

0 

!  68 

95 

09 

i 

09 

65 

09 

09 

a 

a 

a 

a 

>H 

fd 

0 

0 

0 

< 

O 

2 

3 

3 

3 

s 

2 

tr* 

rr 

W 

<T 

M 

• 

X—* 

3- 

CO 

1 - 1 

0 

0 

0 

0 

> — 1 

i — 1 

ft) 

LD 

LD 

r- 

rH 

CO 

O' 

CD 

CO 

Cm 

u 

• 

• 

• 

• 

t 

a 

a 

TJ 

• 

• 

• 

• 

• 

e 

• 

• 

• 

• 

O 

< 

f0 

— ■ 

CO 

i — 1 

LD 

0 

0 

0 

0 

LD 

CD 

LD 

'Cf 

cD 

CD 

CN 

r — 1 

CO 

LO 

W 

<N 

rH 

• 

a 

0 

0 

0 

0 

RT 

u 

a 

a 

a 

a 

i — 1 

i — 1 

i — 1 

i — 1 

2 

•H 

•H 

•H 

•H 

O 

• 

s 

5 

H 

cn 

Eh 

T) 

0 

0 

0 

0 

g 

<c 

X 

o 

CD 

'CT 

LD 

u 

o 

o 

o 

O 

CD 

O 

'Cf 

CN 

r-~ 

o 

CD 

00 

0 

> 

CD 

o 

CO 

CN 

O 

G 

G 

G 

c 

ft) 

LD 

O 

CO 

co 

LD 

■vf 

CN 

■d* 

CN 

2 

c 

• 

- - - 

p~ 

r" 

ft) 

pH 

0 

0 

0 

0 

1 - 1 

00 

r-' 

00 

00 

CN 

CO 

CO 

r~ 

00 

CD 

ft) 

u 

3 

CO 

'Cf 

f - 1 

CD 

G 

G 

G 

G 

CO 

ft) 

■sT 

r- 

CD 

•X 

i — 1 

CO 

LD 

C 

X 

U 

0 

0 

0 

0 

LD 

co 

•H 

w 

a 

a 

a 

a 

1 — 1 

i — l 

4-1 

G 

G 

c 

G 

4-1 

w 

co 

0 

0 

0 

0 

2 

g 

g 

g 

g 

1 

o 

2 

H 

O 

2 

u 

54 

54 

54 

1 — 1 

co 

Eh 

H 

• 

x— x 

0 

0 

0 

0 

CN 

"sT 

0) 

2 

H 

U 

+J 

a 

CO 

m 

CO 

LO 

ft 

ft 

ft 

ft  a 

rH 

co 

co 

co 

CO 

•H 

O 

H 

2 

ID 

0 

0 

0 

0 

c 

si 

ffl 

s 

- — ’ 

54 

54 

Pi 

0) 

H 

ft 

ft 

ft 

ft 

ft 

Q 

r C 

rC 

1 

2 

a 

a 

a 

a 

U 

2 

•H 

•H 

•H 

•H 

0 

S 

ft 

Eh 

c 

x->. 

s 

s 

2: 

Se 

> 

O 

U 

a 

td 

CO 

CO 

CO 

ID 

(N 

■3’ 

CO 

co 

CO 

00 

0 

Eh 

H 

Cm 

ID 

1 — 1 

f — 1 

1 — 1 

1 - 1 

• — 1 

( — 1 

f — 1 

i — 1 

CN 

CN 

1 — 1 

pH 

1 - 1 

rH 

I — 1 

54 

2 

2 

— 

0 

0 

0 

0 

o 

U 

G 

£5 

G 

G 

0 

0 

0 

0 

t 

U 

U 

O 

U 

fd 

G 

a 

a 

a 

a 

C 

W 

G 

c 

G 

G 

0 

o 

0 

0 

0 

0 

> 

ft 

• 

0 

0 

0 

0 

fd 

< 

cn 

0 

0 

0 

0 

m 

ft 

• 

^-x 

ID 

00 

co 

ft) 

54 

54 

54 

54 

o 

o 

CO 

o 

LD 

u 

4-1 

CN 

m 

■0’ 

LD 

ft 

ft 

ft 

ft 

CO 

■'d* 

1 — 1 

CO 

1 — 1 

i 

in 

• 

— " 

i — 1 

i — 1 

H 

O 

CO 

Q 

ctf 

<u 

54 

Q 

< 

M 

2 

• 

x-^ 

o 

CD 

CN 

o 

CD 

o 

CD 

CO 

CN 

CN 

CN 

00 

cd 

CN 

w 

o 

CO 

CN 

i — 1 

ft) 

co 

LD 

■cf 

ft) 

CO 

co 

1 - 1 

LD 

CN 

r- 

co 

iH 

Eh 

<1 

s — ' 

co 

LD 

LD 

r-~ 

LD 

o 

CN 

1 - 1 

■vT 

cD 

CN 

< 

1 — 1 

CN 

CN 

s 

cn 

eh 

o 

O 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

o 

O 

O 

o 

o 

o 

o 

o 

• 

x-^ 

o 

O 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

2 

V 

CN 

ID 

CN 

co 

co 

co 

CN 

CN 

00 

CD 

00 

CN 

CO 

00 

ft) 

1 — 1 

o 

CN 

CD 

CD 

w 

2 

' — 1 

<N 

CO 

i — l 

co 

1 - 1 

LD 

CD 

CN 

CN 

co 

CO 

■sr 

ft) 

1 - 1 

CN 

CO 

a 

CO 

CO 

a 

C 

m 

o 

< 

• 

x— x 

< 

OQ 

u 

Q 

< 

< 

CQ 

CJ 

W 

Cm 

< 

CO 

<c 

m 

ft) 

O 

o 

rH 

2 

O 

1 - 1 

t" 

r" 

1 - 1 

CN 

1 — 1 

iH 

i"~ 

D- 

i 

CO 

1 

ft) 

ft) 

1 

1 - 1 

rH 

i 

< 

2 

- - 

i 

i 

| 

i 

| 

1 

1 

i 

i 

1 

i — 1 

1 

rH 

1 

i 

1 

i 

u 

2 

2 

2 

2 

a 

a 

a 

a 

2 

2 

0 

2 

0 

2 

2 

0 

2 

2 

0 

a 

a 

a 

a 

0 

0 

0 

0 

Eh 

Eh 

Eh 

Eh 

58 


e 

<a 

x 

En 


>H 

2 

Em 

O 


X 

Eh  •  ~ 
Q  X  CO 
H  Em 


Eh 

< 

O 

2 

2 

H 

•  r\ 

Em 

EC 

a  r~ 

O 

c 

< 

EC 

• 

ft 

Eh 

u 

X 

2 

O 

H 

% 

% 

U 

X 


cn 

E* 


E3 

O 


o  o 

vD  vD 


r-  "sT  rH 

m  h  in 


oo 

CN 

O 

o 

u 

o 

d 

d 

vD 

CN 

CN 

d 

r— 1 

vo 

d 

c 

d 

co 

vD 

00 

ID 

m 

00 

co 

d 

fd 

d 

00 

oo 

r" 

in 

lO 

CM 

* 

d 

c 

d 

d 

VO 

d 

CO 

oo 

o 

vO 


d 

-P 

(0 

E3 

0) 

TS 

03 

0) 

X 


•H 

4-1 

44 

EC 

rH 

X 

c 

co 

i — 1 

4->  CN 

c 

< 

EC 

CO 

cd 

cd 

H 

2 

E 

E 

< 

1 

O 

2 

a 

H 

O 

X 

c 

M 

rH 

CO 

H 

Eh 

• 

d 

d 

2 

a> 

2 

H 

EC 

+J 

X! 

CO 

00 

CO 

ft 

co 

CO 

co 

co 

iD 

r- 

co 

CO 

d 

ft 

o 

•H 

EC 

O 

H 

Em 

m 

0 

0 

H 

c 

2 

P3 

2 

v — ’ 

u 

u 

CO 

d 

M 

ft 

ft 

EC 

ft 

Q 

a 

X 

ft 

| 

X 

X 

4-> 

a 

EC 

X 

•H 

•H 

2 

d 

ft 

Eh 

• 

X-v 

2 

5 

< 

> 

fS. 

o 

a 

X 

fd 

CO 

CO 

00 

co 

CO 

co 

co 

vD 

r" 

00 

CO 

d 

0 

< 

Eh 

H 

in 

rH 

rH 

1 — 1 

rH 

rH 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

rH 

1 — 1 

rH 

CO 

Sh 

X 

2 

— " 

cd 

cd 

2 

u 

u 

c 

c 

H 

fd 

fd 

OS 

X 

u 

o 

EC 

fd 

EC 

c 

X 

4-1 

2 

c 

EC 

c 

C 

H 

fd 

O 

d 

d 

CO 

> 

PS 

• 

cn 

cn 

2 

fd 

< 

cn 

d 

d 

EC 

CO 

2 

• 

CN 

CO 

CO 

in 

m 

co 

co 

00 

o 

cn 

o 

VD 

d 

o 

Eh 

U 

mh 

d 

CN 

CN 

«H 

EC 

CN 

d 

CN 

CO 

E" 

on 

o 

CN 

CN 

m 

ft 

i 

CO 

• 

• - - 

rH 

M 

o 

CO 

a 

cd 

d 

Sh 

Q 

< 

EC 

X 

$ 

• 

CN 

CO 

o 

O 

CN 

O 

d 

d 

ON 

on 

t-~ 

vO 

00 

CO 

cn 

EC 

O 

00 

d 

ON 

vO 

d 

rH 

CN 

vD 

CO 

CO 

m 

00 

oo 

o 

1 — 1 

cn 

H 

<c 

— 

CN 

CN 

rH 

CO 

CO 

vD 

CN 

d 

rH 

m 

m 

CO 

oo 

r" 

cn 

o  o  o  o  o  d  d 

VO  d  VO  VD  E'  >  E' 


tnvDdlDCnd>Hin 


'fvO'TmrginHr' 

CN 


d 

O 


d  <£> 
in  ko 
in  oo 


o  o  m 

vO  vO  vO 


co  in 

O  VO  H 


d  CN 

d  in 
m  cm 
-  t" 


0) 

+j 

id 

E3 

d1 

d  O 
T3  • 
<d  cn 

i — i 

d 

X 


•H 

2 

d 

U  vO 

C  vD 


< 

S 


EC 

Eh 

O  •  — 

2  4-)  CN 

Em 


a 


o  o  o 
o  o  o 

H  Ol  O 
in  h 


o  o  o 
o  o  o 

O  VO  ID 
oo  cn  in 


o 

o 


00  cn 
oo  d  oo  cn  i— i  oo 


oo  oo  O') 


O 

O 

O'! 

00 


o 

o 


CO  ON 
e-  d 


o 

o 

00 

m 

i“t 


2 

< 

a 


o  i— I 
2 


<  m  <h 

rH  i — I  r— I 
rH  iH  I 


I 

2 


<  PQ  oj 

IN  IN  i — I 
iH  i— I  I 


I 

2 


<  OQ 

oo  oo  ^ 

i 

2 


a  q  w  oo 

CQ  00  00  00  rH 


I 

2 


l 

X 


i — I  i — I  l 


I  I 

2  2 


< 
d 
• — i 
i 

2 


ID  U  d1 
d  d 


i — i  i 


59 


fa 

tn 

G 

•H 

m 

4-1 

c  w 

Eh 

g  ' 

rH 
2  CD 
O  -H 
H  G 

co  cu 
W  fa 
Q 


Q 

2 

< 


I 


CD 
> 
o 

O  Sh 

2  a 

H 

fa  fa 
w  m 
w  g 

2  C 
h  m 


o 

2 


fa  co 

I 

2 

cd 

cd 

£ 


>H 

c 

£ 


Q 

§ 

H  fa 
D  O 
CM 

§ 


2 

Eh 

a 


+J  00 


fa  fa 
•  £ 

Eh 

fa 

Cl) 

4-1 

>H 

td 

<  O 

0 

£  2 

in’ 

fa  • 

CO  2  CO  2  •sf  (D  2 

fa  fa  u  p~ 

.  .  •  •  .  Td  . 

O  3 

2  2  2  2  cd  CO 

fa 

1 - 1 

•  3 

a) 

Eh  O 

fa 

fa 

2 

o 

H 

Eh 

< 

X 

fa 


cn 

T3 


2 

Eh  •  — 
D  +J  fa 

fa  fa  141 


2 

Eh  •  - — ■ 

Q  4-1  r0 

H  fa  in 

£  "" 


fa 

U 

2 


O 

2 


cn 

CH  'J' 
U 


>4 

o 

CO 

O 

2 

2 

O 

CM 

2 

2 

2 

O 

2 

G 

CO 

• 

* — 1 

<n 

2 

<n 

CD 

cd 

00 

0 

2 

2 

2 

2 

"sf 

G 

*» 

u 

(D 

<y\ 

o  o  o  o  o 
2  2  2  2  2 


2  2  2  2  2 


co  co  m  co  cn 

i — i  i — i  i — i  i — i  i — i 


4-1 

G 

•r4 

cd 


Sh 

0) 

04 

0 

M 

04 

2 

4-1 

■r4 


(M  LO 
CN  CN 


Cd 

G 

id 

o 

4-1 

G 

cd 

cn 

<D 

u 

fa 


0  0  0  0  2 

CD  CD  CD  CD  CD 


cd  co  co  o 

2  co  2  cn  2  c — 

CN 


2  CD 
■3<  O' 
2  rH 
2  O 


o  m  o 

CD  LD  'CT 

<n  00  ^ 
- 
O 


CN 


2  2  2  LT) 


ci  m  n  in 


CN  2  2  in  LO 
fa  2  CD  r-' 


o 

CD 


i"  r- 


2  2 
0  <n 
cn  C 71 
r-  r-' 


2 


2 

2 


o 

2 


O  O 

o  o 


•cf  <sT 
O  O 
2  2 

O  O 
i — I  i — I 


2 


2 


2 

2 


O 

2 


2  2 
O  <Ti 


2  2 


CTC  CTi 

<n  cn 


2 


cn 

2 


Q 

fa 

fa 

2 

w 

Eh 

IS 


U  2 


0  0  2  2  2  2 

2  2  2  i— I  2  2 

2  2  2  2  0  0 


2  0  0  0  2 

"cf  2  2  O 

■H  2  2  O  rH 


O 

2 

2 


2 

2 


2 
i — I 
2 


fa 

Eh 

U 

2 

fa 

fa 


4->  2 
fa  — 


O 

o 

o 

2 


O 

O 


2  2 
2 


O 

O 

2 
i — ! 


O  O 
o  O 
2  OH 


O  O 
O  O 
2  ^ 


2  2  2  2  2  - 

cn 


o  o 
o  o 

2  2 


o  o 
o  o 
2  2 
r-'  r- 


o  c 
o  o 

2  2 


2 

< 

U 


O 

2 


<  CQ  U  Q 


W  2 


2  2  2  2  <  2  rH 


< 


CO  U  Q  2 


I  I 

S  2 


i 

rH 

cd 

4-1 

o 

EH 


2  »<  2  2  2  I— I 


i — I  i — I  i — I  C 


<  r~ 

fa 
fa  i 


i 

2 


<  CD 


CO 

rH 

! 

2 


C  cn 
cn  fa 
fa  i 


60 


ENGINEERING  AND  DESIGN  DATA 
Area  3  -  Savannah  Grove  -  Peniel  -  Effingham 


< 

3 

En 

Eh 

# 

_ _ _ 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

a 

■p 

CO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

pM 

' - ' 

• 

3 

Eh 

Pi 

0) 

<i> 

■P 

-p 

>H 

d 

d 

<C 

0 

3 

3 

Z 

U* 

cr 

H 

• 

00 

CM 

o 

0 

CT 

CO 

r- 

Tp 

r-H 

0 

rH 

(1) 

as 

fe 

oi 

u 

r-~ 

• 

• 

• 

• 

• 

• 

• 

tj 

TS 

O 

< 

c 

' — • 

CM 

in 

CO 

CO 

rH 

CM 

r-H 

<T 

1 - 1 

CO 

0 

o 

id 

d 

w 

rH 

• 

<D 

ID 

£ 

U 

12 

12 

rH 

rH 

i — 1 

1 — 1 

z 

•H 

•rH 

o 

• 

3 

H 

CO 

Eh 

no 

CD 

<D 

C 

>H 

o 

tp 

*p 

CO 

CM 

o 

o 

O 

O 

TP 

0 

CM 

U 

O 

> 

0 

0 

CM 

CO 

r~ 

0 

CO 

0 

0 

O 

0 

0 

3 

3 

<C 

• 

CT 

0 

LD 

CO 

o 

<T 

TP 

CO 

TP 

TP 

O 

0 

d 

d 

O 

3 

CM 

lD 

CO 

CO 

CM 

CM 

rH 

rH 

CO 

0 

3 

3 

X 

U 

o 

o 

ID 

3 

w 

1 — 1 

rH 

■P 

-P 

3 

3 

d 

d 

e 

E 

2 

o 

K 

p 

p 

Eh 

H 

• 

a) 

0) 

pH 

Q 

-P 

Si 

CO 

ro 

ro 

CO 

co 

CO 

ro 

CO 

CO 

cp 

04 

o 

M 

fc. 

in 

0 

0 

CQ 

s 

' — ' 

p 

p 

a, 

04 

0: 

0 

-p 

-P 

cc 

•H 

•H 

CM 

H 

• 

3 

O 

Q 

■P 

(0 

CO 

co 

ro 

CO 

co 

CO 

co 

CO 

CO 

Eh 

H 

in 

rH 

i — l 

r-H 

rH 

r-H 

rH 

rH 

rH 

r-H 

r-H 

rH 

s 

1 — - 

d 

d 

3 

c 

d 

n3 

■P 

■p 

W 

3 

3 

o 

as 

(D 

• 

tn 

cn 

< 

(/) 

a) 

CD 

sc 

• 

CM 

co 

CM 

in 

o 

m 

0 

0 

0 

p 

p 

u 

IP 

•sp 

CM 

CO 

rH 

CM 

rH 

CO 

r-H 

CM 

CO 

Pj 

04 

CO 

• 

— 

H 

o 

a 

a 

w 

K 

$ 

* 

^ ^ 

CD 

CM 

0 

CD 

o 

0 

CM 

tp 

0 

0 

0 

w 

o 

co 

CO 

O 

co 

CTi 

<T 

r-H 

0 

0 

rH 

CM 

0 

Eh 

< 

■ — • 

r-H 

<rP 

rH 

rH 

CO 

CM 

CO 

0 

rH 

pH 

< 

3 

K 

Eh 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

0 

0 

U 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

0 

Z 

■p 

CM 

o 

00 

CO 

0 

^p 

o 

o 

o 

o 

m 

rH 

TP 

0 

0 

Pm 

CM 

CO 

m 

CM 

rH 

CM 

rH 

r- 

rH 

CM 

tp 

l" 

CM 

1 — 1 

<c 

CQ 

o 

< 

CQ 

0 

rH 

< 

CQ 

u 

CM 

< 

0 

<c 

• 

O 

o 

CM 

rH 

rH 

< 

r-H 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

z 

0 

rH 

CM 

CM 

i 

CM 

CM 

rH 

CM 

1 

CM 

CM 

CM 

1 

CM 

CM 

z 

■ — <» 

i 

1 

1 

i 

i 

1 

1 - 1 

1 

i 

i 

rH 

1 

1 

u 

2 

2 

rtl 

2 

2 

PI 

2 

ITS 

2 

2 

2 

d 

2 

2 

-P 

-P 

■p 

0 

0 

0 

Eh 

Eh 

Eh 

o  o  o  o 
0  0  0  0 


rH  0  0  i — | 

ro  n  m 


'xf  CO  00  o 
o  ^ 
co  co  ^ 
n  n  pi  'f 


co  m  ro  m 


co  ro  co  co 

i — I  ( — I  r-H  I— ( 


(Pi  vfl  m  h 
i — i  co  ^p 


0  CM  'TP  0 
00  I"  ^P  00 
rH  "TP  0 


O  O  O  O 
O  O  O  O 
CO  0  0  O 
CM  CM  CM  co 


4-1 

o 

Eh 


< 

^p 

CM 

I 

2 


CQ  U 
^  "TP 
CM  CM 
I  I 
2  2 


61 


ENGINEERING  AND  DESIGN  DATA 
Area  3  -  Savannah  Grove  -  Peniel  -  Effingham 


< 

S 

Cm 

O 


4-1  00 
fa  — 


>j 

<  o 

H 

fa  fa 
O  < 
w 
•  XI 
Eh  O 


U  r-" 
<  ~ 


fa 

o 

H 

Eh 

£ 


X 

M 


W 

T3 


m 


fa 

B  •  ~ 
Q  4->  X! 
h  fa  in 


fa 

Eh  •  — 
Q  4->  rd 

h  fa  in 
fa 


w 

o 

fa 

• 

c 

Cfi 

fa 

• 

o 

fa 

•sT 

CO 

• 

- - - 

H 

o 

Q 

m  co 
m  in 


o  o  o 
m  m  m 


o  oi  ro 


ro  ^  m 

04 


00  04  00  CO 
OJ  in  H  w 


O  00  00 

m  co  co 
04  m  o 
- 
ro 

04 


^  CO 
04  O 


OJ 


o  ^ 
m  04 
oi  in  (Ji  in 

04  in  h  - 

o 

i — i 


1a1  m 


ro  ro  ro 


^  m 


ro  ro  ro 

i — i  i — i  i — t 


co  O' 
•a*  m 


i-H  in  i — i 
04  ro  'vj1 


o  o 
in  m 


a1  m  oi 
ro  oj  in 


o 

04 

o 

OJ 

o 

m 

m 

o 

m 

ro 

ro 

r* 

O 

ro 

04 

m 

ro 

CO 

ro  ro 


ro  ro 

i — I  i — I 


^  o- 

i — i  i — i 


in  co 
in  m 


04  H  O 
ro  O  O 


it  in 


if  m 


04 

^  m 


.  <u 

4-1 

id 

3 

t? 

(U 

13 

id 

0) 

X3 


•H 

<u 

o 

c 

id 

3 

0) 

4-1 

c 

•H 

n3 

e 

u 

(U 

Oh 

0 

X 

Oh 

xd 

4-> 

•H 

s 

i — i 
id 

a 

■  id 

o 

fa 

c 

CD 

td 

CD 

X 

fa 


Q 

W 

fa 

CO 

fa 

w 

Eh 

< 

fa 


U  ro 
C  ~ 


o  m 

00  04 

m  o» 


O  04  O' 

in  m  o 
oj  'ir  m 


o  o 
m  o 

r-H  04 


m  m 
oo  m 
m  o- 


04 

O' 

in 


fa 

Eh 

O 

fa 

W 

XI 


4->  04 

fa 


o  o 
o  o 

O  fa 
04  ro 


O 

o 

m 

in 

fa 


o  o  o  o 
o  o  o  o 
O  CO  ro  H 
04  ro  fa  O- 


O  O  O 

o  o  o 
m  co  ro 
04  fa  ^ 


o  o  o 
o  o  o 
mom 

04  OJ  'sj* 


O  O 

o  o 
ro  ro 
04  04 


3 


o 

fa 


Q 

04  04 


w 

<a*  oj 


C  m  u  m 
m  in  in  oi 

04  OJ  04  i 


i  i 

2  fa 


cC  fa  o 
m  m  04 

OJ  04  I 

I  I  fa 

2  2  id 
4-J 
0 
Eh 


< 


OJ  OJ 

l  i 

2  2 


<  co 

00  04 
04  I 

I  fa 

2  id 
4-1 

o 

Eh 


62 


£ 

(0 

£ 

O' 

c 


•H 
4-1 
12 
<C  W 
Eh 

<  I 
Q 

r— J 

s  cu 

O  -H 
H  C 
2  1) 
w  2 

Q 


Q 

2 

< 

O 

2 


H 

2  jC 
W  (0 
w  c 


u  > 

2  03 
W  2 


m 


<tf 

0) 

3-1 

< 


1  REQUIRED 

RT.  OF  WAY 

WIDTH  1 

!  Ft.  1 

2 

09 

09 

09 

09 

j  09 

09 

09 

09 

09 

09 

09 

>H 

< 

O 

s 

2 

H 

• 

s 

r- 

rH 

2 

o 

2 

2 

o 

o 

2 

rH 

o 

2 

2 

2 

2 

2 

X 

u 

r-~ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

l 

• 

• 

o 

< 

< 

— 

«H 

ro 

ro 

2 

o 

ro 

ro 

ro 

rH 

2 

H 

CN 

CM 

CN 

w 

rH 

rH 

• 

2 

Eh 

U 

X 

2 

O 

• 

H 

(0 

Eh 

T3 

< 

X 

CD 

2 

2 

2 

CN 

2 

2 

2 

O 

o 

O 

> 

[X 

o 

CN 

o 

2 

x? 

2 

CM 

CN 

2 

2 

2 

2 

< 

• 

- - - 

rx 

2 

O 

2 

2 

2 

2 

2 

rH 

rH 

ro 

2 

2 

2 

2 

2 

U 

P 

rH 

ro 

ro 

2 

X 

ro 

ro 

ro 

•cf 

rH 

2 

rH 

CN 

CN 

CN 

X 

U 

O 

w 

rH 

rH 

2 

2 

O 

2 

H 

O 

2 

2 

H 

fcn 

• 

2 

H 

U 

2 

2 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

M 

O 

H 

X 

in 

§ 

2 

s 

' — ’ 

H 

Q 

21 

W 

2 

2 

(2 

H 

• 

x— X 

2 

O 

2 

2 

(13 

co 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

< 

fcH 

H 

2 

m 

r— 1 

rH 

rH 

rH 

r— 1 

rH 

rH 

rH 

rH 

X 

S 

- - - 

u 

w 

u 

< 

(0 

X 

• 

*~X 

CN 

ro 

2 

o 

ro 

2 

[X 

rH 

2 

CN 

2 

u 

rH 

(N 

CN 

rH 

rH 

CO 

• 

' — " 

H 

O 

Q 

Q 

W 

2 

£ 

• 

o 

O 

rH 

CN 

o 

o 

2 

2 

O 

o 

2 

w 

o 

co 

O 

2 

(x 

o 

o 

2 

ro 

ro 

2 

2 

Eh 

< 

1 — " 

CN 

ro 

rr 

2 

CN 

rH 

< 

2 

2 

Eh 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

O 

O 

o 

O 

• 

x-x 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

O 

O 

o 

2 

2 

CN 

CN 

2 

2 

rH 

2 

2 

2 

2 

2 

2 

2 

2 

ro 

O 

ro 

O 

o 

3 

2 

iH 

CN 

CN 

2 

[x 

CN 

2 

CN 

CN 

CN 

ro 

rH 

CN 

ro 

CM 

CN 

2 

< 

CQ 

U 

2 

< 

2 

O 

< 

rH 

< 

2 

CN 

< 

2 

ro 

< 

< 

• 

^-x 

2 

a> 

2 

CN 

o 

O 

ro 

rH 

ro 

CN 

CN 

ro 

ro 

ro 

ro 

ro 

2 

0 

1 — 1 

CM 

CN 

CN 

1 

ro 

co 

i 

CO 

i 

ro 

ro 

i 

ro 

ro 

i 

ro 

i 

<C 

2 

— 

i 

1 

1 

rH 

i 

i 

rH 

i 

i — 1 

i 

i 

i 

i 

r — l 

i 

u 

2 

2 

2 

(0 

2 

2 

(T3 

2 

(0 

2 

2 

(T3 

2 

2 

<T3 

2 

(0 

2 

2 

2 

2 

2 

2 

0 

0 

0 

0 

0 

0 

Eh 

Eh 

Ft 

Eh 

Eh 

Eh 

63 


Eh 

g 

s 

u 

H 


Q 

Z 

<c 

o 

2 

H 


w 

2 

H 

o 

2 


n 


2 


2 

En 

O  .  ^ 

2  +J  (N 

2  '-' 


s 


2 

< 


u 


o 

2 


o  o 
o  o 

ro  oo 
in  in 


C  m 
in  oo 
oo  i 
I  2 
2  fd 
4-> 
0 
R 


H 

2 

R 

• 

o 

o 

D 

o 

Q 

4-1 

CO 

ID 

ID 

04 

H 

2 

' — 1 

U 

• 

3 

3 

Eh 

2 

<v 

a) 

CD 

<D 

-p 

4-1 

4-> 

4-1 

R 

fd 

fd 

fd 

fd 

< 

CD 

G 

G 

G 

G 

S 

2 

td 

Cd 

rd 

CG 

H 

• 

0) 

CD 

ai 

d)  r — 1 

O 

o 

lH 

2 

o 

o- 

21 

2! 

• 

2 

2  • 

• 

• 

O 

< 

< 

- - - 

fd 

id 

00 

fd 

fd  rH 

2 

2 

w 

G 

• 

R 

CD 

0) 

CD 

Cl) 

G* 

Eh 

O 

21 

2 

2 

X> 

i — 1 

rH 

r — 1 

! - 1 

i — 1 

1 — 1 

r — 1 

1 - 1 

2 

•H 

•H 

•H 

•H 

O 

• 

£ 

5 

s 

H 

in 

R 

2! 

CD 

a> 

2 

ai 

CD  G1 

CD 

G’ 

< 

R 

O 

CD 

G1 

o 

U  2 

04 

O 

p 

> 

2 

G 

c 

1 — 1 

c 

G  2 

00 

rH 

fl3 

<C 

• 

• — " 

fd 

fd 

2 

fd 

rd  i — i 

LO 

* 

2 

O 

G 

c 

c 

G 

c 

2 

Cr> 

X 

u 

0) 

CD 

a) 

CD 

CD 

C 

w 

4-1 

4-1 

4-1 

4-1 

G* 

r, 

n 

r; 

n 

mh 

•H 

•H 

•H 

*H 

MH 

2 

rd 

fd 

fd 

fd 

M 

2 

g 

s 

e 

g 

O 

2 

1 

M 

o 

2 

u 

Sh 

sh 

Sh 

2 

H 

R 

• 

CD 

ai 

<D 

CD 

rH 

2 

R 

2 

4-1 

2! 

2 

2 

oo 

2 

2  2 

cd 

pL] 

O 

H 

2 

2 

0 

0 

0 

0 

•H 

§ 

PQ 

2 

— 

SH 

Sh 

Sh 

Sh 

G 

CD 

H 

Q 

2 

2 

2 

2 

2 

2 

2 

nG 

2 

2 

4-1 

4-> 

4-1 

4-> 

1 

W 

2 

•H 

•H 

•H 

•H 

2 

R 

• 

& 

s 

CD 

O 

U 

4-1 

fd 

00 

00 

> 

R 

H 

2 

LO 

rH 

i — 1 

rH 

r — 1 

i — 1  rH 

o 

2 

2 

— " 

fd 

fd 

rd 

fd 

SH 

U 

G 

G 

c 

G 

o 

fd 

fd 

fd 

fd  _ 

o 

o 

o 

u 

2 

(d 

4-> 

4-1 

+j 

4-1 

c 

2 

G 

c 

c 

G 

c 

2 

cu 

01 

ai 

CD 

(d 

2 

• 

in 

in 

m 

in 

> 

< 

in 

as 

01 

ai 

CD 

id 

2 

• 

u 

in 

00 

Sh 

P  O' 

in 

O 

2 

g< 

2 

2 

04 

2 

2  2 

2 

• 

' — ’ 

i 

H 

O 

Q 

00 

id 

CD 

Q 

Sh 

M 

5 

2 

S 

• 

O 

O 

g1 

O 

2  CO 

2 

o 

oo 

04 

2 

04 

O' 

O  2 

R 

< 

■ — • 

G< 

00 

04 

2  2 

C 

2 

o  o 
o  o 
oo  oo 
in  in 


<C  CD 
ID  00 

2  | 

I  2 
2  td 
+J 

o 

Eh 


O  O  O  O  O 

O  O  O  O  O 

CO  cO  O  2  CM 

N  (N  H  O- 


< 

O' 

oo 

l 

2 


<  2 


O 

O 

<y> 

o 

CD 

oo 


00 

I  21  2 
td  G  fd 
a)  td  -P 
U  Sh  0 
^  O  Eh 


64 


3 

<D 

E 

U 


3 

o 

rfl  ! - 1 

Eh  rH 

fS,  -H 

Q  2 


2  l 

0 

H  3 
CO  3 
w  3 
Q  E 
tn 
Q  E 
2  3 
<  > 


2  l 
H 

2  c 

W  D 
W  co 
2  to 
h  3 
U  3 
2  ■  I 
W  U 


I 


3 

3 

£ 


>H 

< 

s 


H  2 
D  O 


2 

Eh  • 
Q  2 

M  2 


CO 


CO 

H 

Q 


Q 

W 

2 

8 

w 

Eh 

< 

2 


o  n 
<  — 


o  o 

cO  CO 


00  CN  O  ^cT 
CO  CD  rr  CD 
CO  CO  CN  CN 


o  o 

CD  CD 


a) 

a) 

3 

3 

3 

3 

3_ 

2 

2 

2 

2 

2 

2 

2 

>H 

cd 

3 

3 

3 

3 

3 

3 

< 

O 

3 

3 

3 

3 

3 

3 

3 

2 

2 

tr 

tr 

O' 

tr 

tr 

tr 

tr 

H 

• 

CD 

r- 

3 

3 

ro 

[-H 

CO 

in 

rH 

CO 

ro 

H3* 

3 

3 

3 

<T> 

3 

3 

2 

2 

0 

r~ 

• 

• 

13 

33 

• 

• 

• 

• 

• 

• 

• 

• 

• 

T5 

■O 

TS 

• 

TS 

T3 

O 

< 

' — ’ 

CD 

CD 

3 

3 

ro 

CD 

CN 

0 

rH 

m 

2 

rH 

3 

3 

3 

H 

3 

3 

2 

pH 

• 

2 

a) 

0) 

3 

3 

3 

3 

Cl) 

RT 

U 

2 

Si 

Si 

£1 

,3 

X! 

X! 

H 

pH 

H 

iH 

H 

H 

H 

2 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

O 

• 

3 

3 

3 

3 

3 

3 

3 

H 

CO 

Eh 

21 

0) 

3 

3 

3 

3 

3 

3 

< 

>H 

^-s 

CN 

0 

0 

CD 

CN 

O 

CN 

CD 

0 

CD 

CN 

0 

u 

u 

0 

0 

0 

0 

> 

CD 

0 

in 

c 

3 

lo 

in 

CD 

1 — 1 

[■h 

rH 

ro 

2 

3 

3 

3 

CN 

3 

3 

< 

• 

- - - 

pH 

CN 

3 

3 

ro 

CN 

O 

CN 

2 

CN 

2 

3 

3 

3 

CN 

3 

3 

u 

3 

P"* 

P" 

3 

3 

CN 

pH 

CD 

CO 

H 

3 

3 

3 

CN 

3 

3 

X 

O 

CD 

3 

O 

3 

3 

3 

3 

3 

2 

2 

2 

pH 

pH 

2 

2 

2 

2 

2 

c 

c 

n 

fl 

p 

£ 

•H 

•H 

*H 

•H 

•H 

— 

•H 

•H 

in 

cd 

3 

3 

3 

3 

(tf 

2 

e 

e 

£ 

£ 

B 

£ 

£ 

O 

2 

H 

O 

X 

E 

e 

El 

E 

u 

El 

El 

2 

Eh 

2 

• 

a; 

3 

3 

3 

3 

Cl) 

Cl) 

2 

Eh 

2 

2 

2 

ro 

ro 

2 

2 

ro 

ro 

ro 

ro 

ro 

ro 

ft 

ft 

ft  in 

ft 

ft 

w 

O 

H 

2 

in 

0 

0 

0 

0 

0 

0 

0 

2 

s 

- - - 

El 

El 

El 

El 

El 

El 

E 

H 

2 

a 

2 

ft 

ft 

ft 

ft 

Q 

2 

2 

si 

2! 

X 

x: 

X 

H 

2 

2 

2 

2 

2 

2 

2 

W 

2 

•H 

•H 

•H 

*H 

•H 

•H 

•H 

§ 

2 

2 

• 

3 

3 

3 

3 

3 

3 

3 

O 

2 

2 

cd 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

LO 

<< 

2 

H 

2 

LD 

1 — l 

1— 1 

pH 

H 

rH 

rH 

rH 

1 — 1 

rH 

H 

H 

H 

H 

H 

H 

H 

X 

s 

- - 

3 

3 

3 

3 

3 

3 

3 

o 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

CJ 

O 

0 

0 

0 

o 

0 

2 

2 

2 

2 

2 

2 

2 

2 

C 

3 

3 

3 

3 

3 

3 

O 

0) 

3 

3 

3 

3 

3 

3 

03 

• 

CO 

CO 

CO 

in 

CO 

CO 

CO 

< 

CO 

3 

3 

3 

3 

3 

3 

3 

2 

• 

0 

2 

El 

El 

2 

in 

in 

El 

E 

E 

cn 

El 

E 

U 

2 

ro 

CN 

2 

2 

CN 

CN 

rH 

ro 

ro 

2 

2 

2 

m 

2 

2 

O  CN 
CO  CN 
rci  2 


o  o 

CD  CD 


CD  ^3* 

2  *cr 


o  o 

CD  cD 


CO 

CD 


cOcDOcDOOCOcn 
2'3'C0LncD2i— I'd* 
'3,'3,2^'cf(riHH 


2 

Eh 

O 

2 

a 


2  2 
2  — 


a 


o 

2 


o  o  o 
o  o  o 
co  w  ai 
^ 


o 

o 

2 

cD* 


O  O  O 
O  O  O 

cn  o  cr> 

'J  OJ  iD 


o  o  o 
o  o  o 
2  0  2 
rH  2  <3* 


O 

O 

2 

2 


O  O 

o  o 

<T>  ^ 
2  2 


<  <c  m  u 


<c  m  2 

2  2  I 
I  rH 

s  3 
2 
o 
Eh 


I 

2 


<C  2  2 

2  2  I 
I  I  rH 
2  2  Id 
2 
O 
Eh 


< 

I 

2 


m  u  u  a  w  ^ 

H  H  cf  cf  cf  | 

I  I  I  I  I  2 

2  2  2  2  2  3 

2 
O 
Eh 


65 


ENGINEERING  AND  DESIGN  DATA 
Claussen  -  Evergreen  -  Willow  Creek 
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M-17B  700  98  10  13  3  1036 
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ENGINEERING  AND  DESIGN  DATA 
Area  4  -  Claussen  -  Evergreen  -  Willow  Creek 
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RT.  OF  WAY 

CLEARING 

Ac . 
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2.9 

2.9 

3.1 
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2.1 

5.8 

1.3 

7.5 

1.8 

7.7 
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40.8 

2.6 
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21.8 

_ 

O  vX)  ro 

LO  1— 1  rl  CO 

EXCAVATION 

Cu.  Yds. 

(6) 

3106 

3106 

3340 
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2220 

6216 

1776 

10,619 

2590 

8288 

4095 
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2812 

5476 
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25,112 

5328 

1628 

1776 

8732 

] i 

I  CHANNEL  DIMENSIONS  i 

BOTTOM 

WIDTH 
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3 
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12 
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WIDTH 
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1000 
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26,700 

1900 

3700 

1200 

3000 

2800 
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1100 

1200 

5900 

CANAL 

No. 

(1) 

M-2  3A 

M-23B 

M-23C 

M-23D 

L-1A 

L-lB 

M-23E 
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ENGINEERING  AND  DESIGN  DATA 
Area  7  -  Hyman  -  Pamplico  -  Blossom  -  Salem 
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ENGINEERING  AND  DESIGN  DATA 
Area  7  -  Hyman  -  Pamplico  -  Blossom  -  Salem 
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M-33C  2600  904  59  I  15  5  I  4810  4.0 

M-33D  2600  1138  Present  canal  with  proper  maintenance  will  be  adequate 

M-33E  700  1242  Present  canal  with  proper  maintenance  will  be  adequate 

M-33F  900  1279  Present  canal  with  proper  maintenance  will  be  adequate 

Total-33  13,400  I  j  I  14,578  i  13.1 
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